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I .  A SEARCH FOR THREE-CENTER NON-CLASSICAL 
CARBANIONS; AMINE ANALOGUES
INTRODUCTION
The co n cep t o f  th e  n e o c la s s i c a l  io n  has f o s te r e d  c o n s id e ra b le  
re s e a rc h  e f f o r t  and no sm all amount o f  c o n tro v e rsy . W hereas c l a s s i c a l  
r e s o n a n c e - s ta b i l i z e d  io n s  in v o lv e  co n tin u o u s  o v e rla p  a c ro s s  a  o-bonded 
fram ew ork, ( I ) , s t a b i l i z a t i o n  o f  n e o c l a s s i c a l  io n s  i s  d e r iv e d  from 
s i g n i f i c a n t  1 ,3 -o v e r la p  w hich i s  u s u a l ly  in te rm e d ia te  betw een cr and ir 
b o n d in g . ( I I )
C la s s ic a l  re so n a n c e :





A lthough n o n c la s s ic a l  io n s  a r e  g e n e ra l ly  c a rb o c y c l lc ,  th e  w e ll 
known io n  in te rm e d ia te  o b ta in ed  by a d d i t io n  o f  Brg to  o le f in s  ( th e  
bromonium io n ) was a c t u a l l y  th e  f i r s t  " n o n c la s s ic a l” io n .^  ^ T h is  was 
fo llo w ed  in  1948 by W in s te in 's  in t ro d u c t io n  o f  th e  term  " n o n c la s s ic a l  
p a r t i c ip a t io n ” to  e x p la in  th e  ra p id  exchange and enhanced s o lv o ly t ic  
r a t e s  i n  th e  now famous c h o l e s t e r y l r i - c h o le s t e r y l  d e r iv a t iv e s .^  ^
.00
W in s te in 's  r e s e a r c h  in d ic a te d  fo r  th e  f i r s t  tim e  t h a t  rem ote  n- o r b i t a l s  
cou ld  s ig n i f i c a n t l y  p a r t i c i p a t e  in  th e  s t a b i l i z a t i o n  o f  an  in c ip ie n t  io n . 
These s tu d ie s  le d  to  th e  a d o p tio n  o f th e  te rm s " h o m o a lly lic ” , an d , more
g
g e n e ra l ly ,  "hom oconjugation” . The n e x t l o g i c a l  e x te n s io n  o f  th e s e  con­
c e p ts  fo llow ed  s e v e r a l  y e a rs  l a t e r  w ith  th e  in t ro d u c t io n  o f  th e  term  
"h om oarom atic ity” A ro m a tic ity  a s  d e f in e d  by Hukel m o le c u la r  o r b i t a l  
(HMO) th eo ry ^ ^  r e q u i r e s  th e  con tinuous o v e r la p  o f a (4n+2) tt e le c t r o n  
c y c le .  In  f a c t ,  one o f  th e  b a s ic  assu m p tio n s  in  t h i s  th e o ry  i s  th a t  
B. .=0 f o r  atom s i , j  n o t  d i r e c t l y  bonded , ( i . e . , i t  i s  assumed th a t  
re so n an ce  betw een non-bonded atoms i s  v a n ish in g ly  sm a ll)  . H om oarom aticity  
encom passes th o s e  c a se s  w here c o n tin u o u s , c y c l i c  e l e c t r o n  d e lo c a l iz a t io n  
o ccu rs  w ith  in t e r r u p t io n s  o f  th e  a-fram ew ork . More s p e c i f i c a l l y ,  mono, 
- b i s ,  - t r i s ,  - . . .  p erhom oarom atic ity^^  r e f e r s  to  s i t u a t i o n s  w here th e re  
a r e  o ne , two, th r e e ,  . . . n ,  in t e r r u p t io n s  o f  th e  a  fram ew ork, r e s p e c t iv e ly .
E vidence f o r  th e  s im p le s t  hom oarom atic io n  (monohomo-) was
d e riv e d  v i a  o b se rv a tio n  o f UV s p e c t r a  o f  th e  cyclobu ten ium  io n  I I I .
12K atz and co -w orkers  n o ted  th a t  a b s o rp tio n  by t h i s  io n  was a t  a wave­
le n g th  in te rm e d ia te  betw een sim ple  a l l y l i c  c a t io n s  and th e  c y c lo p ro p en y l 
c a t io n .
AgSb(5 ^ IX
rCl JJ-------- \
Comparison o f th e  r a t e s  o f s o lv o ly s i s  o f a n t i - 7 - s u b s t i tu te d  norbo rnenes 
r e l a t i v e  to  th o se  fo r  th e  c o rre sp o n d in g  7 - s u b s t iu te d  no rbo rn an es  su g g e s ts  
th e  im portance  o f  b is h om oarom atic s t a b i l i z a t i o n  in  th e  fo rm er system :
TsCK
IV
S o lv o ly s is  o f IV o ccu rs  some 100 b i l l i o n  tim es (10^^) f a s t e r  th a n  does
13s o lv o ly s is  o f th e  co rre sp o n d in g  7 - s u b s t i tu te d  n o rb o rn an e .
T r is h om oarom aticity^^  i s  a p p a re n t in  th e  s o lv o ly s is  r a t e  o f  V, 




P roof o f (o r  even p o s tu la t io n  o f) n o n c la s s ic a l  c a rb a n io n  i n t e r ­
m e d ia te s  i s  f a r  more s c a rc e  th a n  i s  th e  c a se  w ith  n o n c la s s ic a l  carbonium
g
io n s .  T h is  i s  c l e a r ly  p o in te d  o u t by B a r t l e t t ' s  c o l le c t io n  o f  p ap e rs  
on n o n c la s s ic a l  io n s .  Of th e  75 p ap ers  in c lu d e d , n o t one co n ce rn s  a 
n o n c la s s ic a l  c a rb a n io n , even though a h o m o a lly lic  ca rb a n io n  was sug­
g e s te d  a s  a  p o s s ib le  in te rm e d ia te  a s  e a r ly  a s  1950.
R o b erts  and co -w orkers^^  examined th e  r e a c t io n  o f n o rb o rn en e  
w ith  N -brom osuccin im ide, and found th a t  th e  m a jo r p ro d u c t was n o r t r i -  
c y c ly l  b rom ide. I t  was su g g es ted  t h a t  i n i t i a l  fo rm atio n  o f  th e  bromonium 
io n  was fo llow ed  by b a se  a b s t r a c t io n  o f  a  p ro to n  from th e  5 - p o s i t io n  and 
su b seq u en t h o m o -e lim in a tio n .
B r \ +
I t  was a l s o  re p o r te d  th a t  t r e a tm e n t o f  en d o -5 -n o rb o rnenylm agneslum  
brom ide r e s u l t e d  in  th e  fo rm a tio n  o f  n o r t r lc y c la n e c a rb o x y l lc  a c id  as  th e  
o n ly  p ro d u c t .  T h is  f a c i l e  h o m o a lly lic  rea rran g e m en t o f a  G rig n a rd  
re a g e n t cou ld  In v o lv e  a  n o n c la s s i c a l  c a rb a n io n .
Mg
MgBr
1 .C C ^
2. HP
COOH
In  a  s im i la r  r e a c t i o n , t r e a t m e n t  o f b o th  n o r t r l c y c l y l  c h lo r id e  and
5 -c h lo ro n o rb o rn -2 -e n e  w ith  sodium m e ta l,  y ie ld e d  a f t e r  q u en ch in g , 
ap p ro x im a te ly  th e  same m ix tu re  o f  n o r t r l c y c le n e  and n o rb o rn e n e , th e  
fo rm er b e in g  th e  m ajo r p ro d u c t.
No
The In te rm e d ia te  common to  b o th  s t a r t i n g  m a te r ia l s  can  be r e p re s e n te d  as  
a  n o n c la s s ic a l  c a rb a n io n , o r .  I n s te a d ,  a s  a  r a p l d l l y  e q u i l i b r a t i n g  p a i r  
o f  c l a s s i c a l  c a r b a n i o n s . S i m i l a r  r e s u l t s  w ere o b ta in e d  In  o th e r  s tu d ie s  
In v o lv in g  g e n e ra tio n  o f a  c a rb a n io n  In te rm e d ia te  In  n o rb o rn en e  and
n o rb o rn a d ie n e . 18
A n o n c la s s ic a l  e n o la te  an io n  has  been c i t e d  a s  a  p o s s ib le  i n t e r -
19
m e d ia te  in  th e  b ase  c a ta ly z e d  ra c e m iz a tio n  o f  cam phen ilone, VI I .  
T rea tm en t o f  V II w ith  p o ta ss iu m  ^ -b u to x id e  r e s u l t s  in  com plete racem iza­
t i o n .  T h is  i s  su g g ested  to  o ccu r v i a  th e  sym m etric hom oenolate , p ro to n ­
a t io n  o f w hich y ie ld s  racem ized  V II.
A
VII
O ther hom oenolate in te rm e d ia te s  have been  d is c u s s e d  by M ckon and c o -  
20w o rk e rs .
21The f i r s t  c y c l ic  n o n c la s s i c a l  c a rb a n io n  was su g g es ted  to  
acco u n t f o r  la rg e  d i f f e r e n c e s  betw een th e  r a t e s  o f  H-D exchange in  
b ic y c lo ( 3 .2 .1 ) o c ta - 2 ,6 - d ie n e  (V III )  and b ic y lo ( 3 .3 .1 ) o c t - 2 - e n e ,  (IX)
—  = 3 x 1 0 ^
MX
IX
The r a t e  a c c e le r a t io n  o f  V III  r e l a t i v e  to  IX was a t t r i b u t e d  to  th e  
re so n an ce  s t a b i l i z e d  b i s h om ocyclopentadieny1 c a rb a n io n , X.
BASE
X
22The p ro to n  nmr spec trum  o f X was observed  f o r  th e  s p e c ie s  
form ed by p o ta ss iu m  m e ta l c leav ag e  o f  2-methoxy b ic y c lo ( 3 .3 .1 ) - o c ta - 3 ,
6 - d ie n e ,( X I ) . In  th e  nmr spectrum  o f t h i s  s p e c ie s ,  th e  a ro m a tic  r in g  
p ro to n s  w ere s h i f t e d  c a . 2 .5  ppm u p f ie ld ,  b rid g eh e ad  p ro to n s  s h i f te d  
c a . 0 .1  ppm u p f ie ld  and b r id g e  p ro to n s  c a .  1 .1 5  ppm u p f ie ld ,  r e l a t i v e  
to  th e  nmr spectrum  o f V I I I .  The u p f ie ld  s h i f t  o f  th e  a ro m a tic  p ro to n s  
was due to  th e  n e g a t iv e  ch a rg e  d e n s i ty ,  (p ro to n s  bonded to  ca rb o n s which 
have  ca rb a n io n  c h a r a c te r  a r e  s h ie ld e d  by th e  la r g e  e le c t r o n  d e n s i ty )  b u t 
th e  u p f ie ld  s h i f t  o f  th e  b r id g e  p ro to n s  was due to  t h e i r  p o s i t io n  in  th e  
s h ie ld in g  re g io n  o f  th e  r in g  c u r r e n t .  The p a re n t  hydrocarbon  (V III )  i s  
form ed when X, formed by p o ta ss iu m  m e ta l c le a v a g e  o f  X I, i s  quenched. 
However, e q u i l i b r a t i o n  o f  V III  w ith  S t r e i t w i e s e r 's  c a t a l y s t  (cesium  
cyclohexy lam ide in  cy c lo h ex y lam ine) fo llow ed  by quench ing , a f f o r d s  a
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m ix tu re  o f  b ic y c l i c ,  t r i c y c l i c ,  and t e t r a c y c l i c  h y d ro ca rb o n s . These 
l a t t e r  th r e e  p ro d u c ts  can  b e  th o u g h t o f  a s  a r i s i n g  v ia  quenching o f  X 
th ro u g h  each o f i t s  th r e e  re so n an ce  form s, as I n d ic a te d  above.
XI X I I I
Two 1 0 -e le c tro n  homoarom atic n o n c la s s ic a l  c a rb a n io n s , X II and
23 24X I I I ,  have  been re p o r te d  i n  th e  l i t e r a t u r e .  ’ In  b o th  c a s e s ,  a ro ­
m a t ic i ty  was su g g ested  by f e a tu r e s  o f t h e i r  r e s p e c t iv e  p ro to n  nmr s p e c t r a .  
D e sh ie ld in g  o f th e  r in g  p ro to n s  was n o t observed  becau se  o f th e  g r e a te r  
s h ie ld in g  e f f e c t  o f  n e g a t iv e  ch a rg e  d e n s i ty .  However, p ro to n s  above 
th e  p la n e  of th e  r i n g ,  w here th e re  i s  l i t t l e  n e g a t iv e  ch a rg e  d e n s i ty ,  
w ere s h i f t e d  u p f ie ld .  T h is  s h ie ld in g  m ust be a  r e s u l t  o f an induced p a ra ­
m ag n e tic  f i e l d ,  and , h en ce , i t  was concluded t h a t  an a ro m a tic  r in g  c u r ­
r e n t  was p r e s e n t .
X V a
X I V
25J u s t  a s  hom oarom atic ity  i s  s t a b i l i z i n g ,  B reslow  su g g es ted  th a t
h o m o a n tia ro m a tic ity  shou ld  b e  d e s t a b i l i z i n g .  W ith t h i s  i n  m ind, W in ste in
and co -w orkers  examined th e  p ro to n  nmr s p e c tr a  o f  a  p o t e n t i a l l y  monhomo-
26a n t ia ro m a tic  carbonium  io n . I f  p ro to n a t io n  o f  1 ,6 -m eth an o cy c lo d ecap - 
e n ta e n e  (XIV) w ere to  r e s u l t  in  c y c l ic  d e lo c a l i z a t io n  (1 ,9  o v e r la p )  o f  
th e  4n ir e le c t r o n  sy stem , XVa, th e  r e s u l t in g  s p e c ie s  would b e  a n t i a r o ­
m a tic .  The p ro to n  nmr s p e c tr a  o f  th e  c a t io n  in d ic a te d  th a t  n e i th e r  a
27 28p aram agnetic  n o r a  d ia m ag n e tic  r in g  c u r re n t  w ere o p e r a t iv e .  I n s te a d ,
th e  nmr spectrum  was th o u g h t to  b e  more c o n s is te n t  w ith  s t r u c t u r e  XVb
f o r  th e  c a t io n .  A c co rd in g ly , th e  a u th o rs  concluded th a t  th e  io n  was
sim ply  a  c l a s s i c a l  carbonium  io n .
As can  b e  in f e r r e d  from  th e  p rev io u s  exam ple, m ethods based  
upon d i r e c t  o b s e rv a tio n  o f hom o an tia ro m atic  s p e c ie s  have an  in h e re n t  
problem  which h as  l im i te d  such  in v e s t ig a t io n s .  The problem  i s  th a t  
d i r e c t  o b s e rv a tio n  o f a n t ia r o m a t ic i ty  i s  l i k e  lo o k in g  a t  t h a t  which i s  
n o t !  H om oconjugation r e q u i r e s  o r b i t a l  o v e r la p , b u t  o v e r la p  i n  an  a n t i ­
a ro m a tic  s p e c ie s  in  u n fa v o ra b le .  The r e s u l t  i s  t h a t  a n t ia r o m a t ic i ty  can  
o n ly  b e  in f e r r e d  from th e  a b sen ce  o r  r e ta r d a t io n  o f  any p ro c e s s  which 
in v o lv e s  th e  u n fa v o ra b le  o v e r la p .
B ecause o f a  d e a r th  o f in fo rm a tio n  co n ce rn in g  hom o an tia ro ­
m a t ic i ty ,  th e  pu rp o se  o f  t h i s  in v e s t ig a t io n  i s  to  p re p a re  and t e s t  v a r ­
io u s  m odels th a t  we hope w i l l  c l e a r l y  in d ic a te  th e  d e s t a b i l i z in g  e f f e c t  
o f  h o m o a n tia ro m a tic ity  v i s - à - v i s  th e  s t a b i l i z i n g  e f f e c t  o f homoconjuga­
t i o n .  S p e c i f i c a l ly ,  we in te n d  to  show th a t  a  b is h om oconjugated an ion  
in  a  sym m etric 4 ir e le c t r o n  sy stem  i s  u n s ta b le  r e l a t i v e  to  an  analogous 
h o m o a lly lic  a n io n . The method o f  approach  in v o lv e s  th e  p r e p a r a t io n  and
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o b s e rv a tio n  o f  in v e rs io n  e q u i l i b r i a  o f  s e v e ra l  b ic y c l i c  am ines which 
a r e  is o c o n ju g a te  and i s o e l e c t r o n i c  w ith  b is h om ocyclopropenyl and homo­
a l l y l i c  a n io n s , r e s p e c t iv e ly .
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CHAPTER I I  
DISCUSSION
O b se rv a tio n  o f th e  e f f e c t s  o f a n t ia r o m a t ic i ty  i s  made d i f f i c u l t  
by i t s  v e ry  n a tu r e .  The e q u i l ib r iu m  geom etry o f  a  n e u t r a l  m o le c u le , o r 
even an in c ip i e n t  io n ,  i s  a lw ays t h a t  w hich i s  m ost s t a b l e .  However, 
h o m o a n tia ro m a tic ity  shou ld  b e  d e s ta b i l i z in g ;  a c c o rd in g ly ,  th e  geom etry  
o f  th e  m o lecu le  o r  io n  w i l l  b e  t h a t  w hich m in im izes  th e  d e s t a b i l i z in g  
i n t e r a c t i o n .  F or exam ple, c o n s id e r  a  m o lecu le  w ith  two in te r c o n v e r ta b le  
c o n fo rm a tio n s , one o f  w hich i s  p o te n t i a l l y  a n t ia r o m a t ic .  I f  th e  s t e r i c  
e f f e c t s  a r e  th e  same in  b o th  c o n fo rm a tio n s , th e n  th e  co n fo rm atio n  w hich 
i s  p o t e n t i a l l y  a n t ia ro m a tic  w i l l  r e p re s e n t  a  s m a lle r  p ro p o r tio n  o f  th e  
m ix tu re  o f  th e  tw o.
I n  l i g h t  o f  th e  above a rgum en ts , i t  would appear t h a t  th e  d e ­
s t a b i l i z i n g  e f f e c t s  o f  h o m o a n tia ro m a tic ity  can  o n ly  b e  observed  th ro u g h  
ju d ic io u s  c h o ic e  o f  a  model sy stem . T his m odel system  m ust be  e i t h e r  
s u f f i c i e n t l y  c o n s tra in e d  so t h a t  d e s t a b i l i z a t i o n  can  be  observed  in  i t s  
fo rm a tio n  o r  in  i t s  r e a c t io n s ,  o r  i t  m ust b e  s u f f i c i e n t l y  m ob ile  and 
w e ll -d e f in e d  so th a t  th e  geom etry o f  th e  e q u i l ib r iu m  p o s i t io n  w i l l  r e ­
f l e c t  s p e c i f i c a l l y  t h i s  d e s t a b i l i z a t i o n .  We h av e  chosen  to  exam ine th e  
therm odynam ic s t a b i l i t y  o f  th e  in v e rto m ers  o f N -m ethy l-7— azan o rb o rn en e  
(XVI) and i t s  benzo an a lo g u e  XVII r e l a t i v e  to  t h a t  o f  N -m ethyl i s o -  
q u in u c l id in e  (X V III) and i t s  benzo an a lo g u e  XIX. I t  i s  p roposed  t h a t
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th e  in v e r tom er o f  XVI and XVII w ith  th e  m ethy l group a n t i  to  th e  t t  
sy s tem , XVIa and XVIIa, w i l l  be d e s ta b i l i z e d  due to  a  b is h om oan tiarom atic  
i n t e r a c t i o n  o f th e  n i t r o g e n  lo n e  p a i r .  Hence, th e  e q u ilib r iu m  c o n s ta n t ,  
K, f o r  XVIa ^  XVIb sh o u ld  b e  g r e a te r  th a n  o n e . (When th e  lo n e  p a i r  i s  
syn  to  th e  e th y le n e  b r id g e ,  th e  system  i s  i s o e l e c t r o n i c  and iso c o n ju g a te  
w ith  th e  cy c lo p ro p en y l c a rb a n io n ) .
N i l
X V I 0
K
X V I b
X V I I a
J L ^
X V I I b
C o n v erse ly , we ex p ec t p r e f e r e n t i a l  s t a b i l i z a t i o n  o f  in v e rto m ers  X V IIIa 
and XlXa, due to  th e  fa v o ra b le  in t e r a c t io n  o f  th e  n i t ro g e n  lo n e  p a i r  w ith  
th e  IT bond. H ere , th e  e q u i l ib r iu m  c o n s ta n t  K’ f o r  XVIIIb ^  X V IIIa 
sh o u ld  be  l e s s  th a n  o ne . In v erto m er X V IIIa i s  i s o e le c t r o n ic  and i s o ­
c o n ju g a te  w ith  an  a l l y l  a n io n .
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The d e lo c a l i z a t io n  e n e rg ie s  o f c y c lo p ro p en y l and o f a l l y l  c a r ­
b an io n s a r e  d e p ic te d  in  F ig u re  1 . Based on th e  u s u a l  d e f in i t i o n  o f  a n t i -  
29a r o m a tic i ty  ( l e s s  d e lo c a l i z a t io n  energy  in  c y c l ic  model th an  in  a c y c l ic  
ana logue) th e  cy c lo p ro p en y l an io n  i s  a n t ia ro m a tic .  As a  f i r s t  o rd e r  
ap p ro x im a tio n , we expec t t h a t  our h e te ro c y c l ic  analogue  o f  a  b is h omo- 
c y c lo p ro p en y l an io n  w i l l  a l s o  b e  a n t ia ro m a tic .
K in e t ic  and therm odynamic c o n firm a tio n  o f  th e  expected  a n t i ­
a ro m a tic  d e s t a b i l i z a t i o n  o f  th e  cy c lo p ro p en y l ca rb a n io n  has been 
30o b ta in e d . S tu d ie s  exam ining th e  r a t e  o f  H-D exchange o f  v a r io u s  c y c lo -  
p ropanes and cyclop ropenes in d ic a te s  th e  d e g re e  o f  a n t ia ro m a tic  d e s t a ­
b i l i z a t i o n  w hich i s  p re s e n t  i n  an io n s  d e r iv e d  from th e s e  system s. The 
r a t e s  o f  exchange o f  cy c lo p ro p an e  XX and m e thy lenecyclopropane  XXI a r e  
10^ and 10^ tim es g r e a te r  th a n  th a t  o f cy c lo p ro p an e  XXII.
A l l y l C y c l o p r o p e n y l
a  -  /2  B
A
0 + 2 3
E ( t o t a l )  4 o + 2.8283
DE = 0.8283
7T
E ^ ( to ta l )  = 4 o + 2 3 
DE = 0TT
F ig u re  1 . S im ple HÜckel M.O. c a l c u la t io n  f o r  a l l y l  and cy c lo p ro p en y l 
carbanions^®
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O ther e v id e n c e  su g g e s tin g  d e s t a b i l i z a t i o n  o f  th e  cy c lo p ro p e n y l ca rb a n lo n
31was o b ta in e d  by Dorko and c o -w o rk e rs . They n o te d  t h a t  b a se  c a ta ly s e d  
H-D exchange occured  e x c lu s iv e ly  betw een d e u te r a te d  t - b u t y l  a lc o h o l and 
th e  o l e f l n l c  p ro to n s  In  cy c lo p ro p an e . H ere , fo rm a tio n  o f  a  v in y l  a n io n , 
th e  n e c e s s a ry  In te rm e d ia te  In  exchange. I s  l e s s  e n e rg e t ic  th a n  an io n  
fo rm a tio n  a t  th e  a l l y l l c  p o s i t i o n .
b a s e
DJD
Thermodynamic ev id en ce  o f a n t l a r o m a t I d t y  was o b ta in e d  by 
B reslow  by an  e le c tro c h e m ic a l m ethod, k  d i f f e r e n c e  o f  around  20 pKa
u n i t s  betw een  th e  a c i d i t y  o f  1 ,2 ,3 -  tr lp h e n y lc y c lo p ro p e n e  and t h a t  o f
16
tr lp h en y lm e th an e  was o b served  v i a  ex am in a tio n  o f  th e  e le c tro c h e m ic a l 
r e d u c t io n  o f  th e  c o rre sp o n d in g  carbonium  io n s .
ii'*'
ROM R .  R -
T here i s  some q u e s t io n ,  how ever, co n ce rn in g  th e  i n t e r p r e t a t i o n  o f  th e
r e s u l t s .  To g e n e ra te  an  a n t ia ro m a tic  c a rb a n io n , one m ust s t a r t  w ith
an a ro m a tic  c a t io n l  [(4n+2) -2 e  ^ 4 n ] .  T h e re fo re ,  i t  would seem th a t
much o f th e  m easured en erg y  w ent in to  d e s t r u c t io n  o f  th e  a r o m a tic i ty  o f
th e  carbonium  io n .  The r e l a t i v e  p ro p o r t io n s  ( d e s t r u c t io n  o f  a ro m a tic i ty ,
c r e a t io n  o f a n t ia r o m a t ic i ty )  w ere n o t in d ic a te d .  E v idence f o r  a n t i a r o -
m a t ic i ty  o f o th e r  c l a s i c a l  system s ( in c lu d in g  carbon ium  io n s ,  n e u t r a l
32m o le c u le s , and c a rb a n io n s ,)  h a s  been  d is c u s s e d  by B reslow .
A ttem pts to  e x t r a p o la te  th e  o b served  a n t ia ro m a t ic  d e s t a b i l i z a ­
t i o n  in  c l a s s i c a l  io n s  to  n o n c la s s ic a l  m odels v i a  com puter s im u la tio n  
a f fo rd e d  e q u iv o c a l r e s u l t s .  C a lc u la t io n s  w ere perform ed  by  Ohorodnyk 
and S an try^^  and by Dewar^^ on th e  geom etry o f  th e  7 -n o rb o rn en y l c a t io n ,  
r a d i c a l  and a n io n . B oth  com puter program s w ere d es ig n ed  to  g iv e  th e  
m ost s t a b l e  geom etry  f o r  th e  th r e e  s p e c ie s .  (See F ig u re  2) Angle 6 i s  
formed by th e  i n t e r s e c t i o n  o f th e  p la n e s  o f th e  m e thy lene  and e th y le n e  
b r id g e s .  For th e  7 - c a t io n ,  th e  m agnitude i s  l e s s  th a n  th e  m agnitude o f 
an g le  6 f o r  no rbo rnene  (a  d e c re a se  in  6 b r in g s  th e  empty o r b i t a l  on Cy 
c lo s e r  to  th e  ir bond r e s u l t i n g  in  more e f f e c t i v e  o r b i t a l  o v e r la p ) .  T h is  
su g g e s ts  th a t  th e  v a c a n t o r b i t a l  a t  i s  s t a b i l i z e d  by b is h om oarim atic 
in t e r a c t io n ,  (v id e  su p ra )  F or th e  7 ra n io n , th e  m agnitude o f  a n g le  8
N.
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F ig u re  2 . Computer c a lc u la te d  geo m etrie s  f o r  7 -n o rb o rn en e , I t s  c a t io n ,  
and a n io n . The v a lu e s  f o r  no rbornene and th e  second v a lu e  
fo r  th e  Io n s a r e  from S an try 3 3 . o th e r s ,  from Dewar^^
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was abou t th e  same a s  in  n o rb o rn en e . One m igh t have expec ted  an in c re a s e  
in  th e  m agnitude o f  6 , r e f l e c t i n g  a  d e c re a se  in  o r b i t a l  i n t e r a c t io n  due 
to  b is h o m o a n tia ro m a tic ity . D ecreased  o r b i t a l  in t e r a c t io n  i s  su g g e s te d , 
a t  l e a s t  in  D ew ar's c a l c u la t io n s ,  by th e  m agnitude o f an g le  ^ f o r  th e
7 -a n io n . When a n g le  0 i s  > 180, th e  p ro to n  i s  syn to  th e  ir-bond, and 
th e  lo n e  p a i r  o f e le c t r o n s  on Cy a re  a n t i . O bv iously , th e  co n fo rm ation  
w ith  th e  lo n e  p a i r  syn to  th e  ir bond i s  d e s ta b i l i z e d ,  which Dewar sug­
g e s te d  was due to  b is h om oan tiarom atic  i n t e r a c t io n .
At th e  o u ts e t  o f  t h i s  in v e s t ig a t io n ,  ex p erim en ta l d a ta  concern ­
in g  b is h om oan tiarom atic  an io n s  was la c k in g .  S ince th a t  tim e , how ever,
35some p ap ers  have appeared  w hich r e l a t e  to  our work. In  1970, B reslow  
re p o r te d  r e s u l t s  o f c o m p e tit iv e  H-D exchange in  a n t i - 7-cyanonorbornene 
(X XIII) and 7 -cyanonorbo rane  (XIV). The r e a c t i v i t y  r a t i o ,  k^X III^  
was 1 .4 .





I t  was p re d ic te d  t h a t  k ^ ^ ^ ^  should  be l e s s  th an  k^^^ due to  a n t i a r o ­
m a tic  d e s t a b l i l i z a t i o n  o f th e  in c ip ie n t  io n  in  X X III. B reslow  p o s tu la te d  
t h a t  th e  o b served  r e a c t i v i t y  r a t i o  was th e  r e s u l t  o f a  com bination  o f 
in d u c tiv e  s t a b i l i z a t i o n  ( a s  In d ic a te d  in  th e  cy c lo p e n te n e , cy c lo p en tan e
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r e a c t i v i t y  r a t i o )  and b ish o m o a n tia ro m a tic  d e s t a b i l i z a t i o n .
N NC
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36D avis and Bigelow  c o n t ra d ic te d  B re s lo w 's  e x p la n a tio n  o f  th e  
r e a c t i v i t y  r a t i o  on th e  b a s i s  o f t h e i r  r e s u l t s .  R e la t iv e  r a t e s  o f  b ase  
c a ta ly z e d  exchange and I s o m e r iz a tio n  w ere o b ta in e d  fo r  syn and a n t 1 -7 - 
carbom ethoxy n o rb o rn en e , XXVII and XXVIII, r e s p e c t iv e ly .  The r e a c t i v i t y  
r a t i o ,  ^xVIII^^^XXVII’ a g a in  1 .4 ,  even though th e re  a r e  e q u iv a le n t 
In d u c tiv e  e f f e c t s  In  XXVII and XXVIII. (B re s lo w 's  e x p la n a tio n  r e q u i r e s  
d i f f e r e n t i a l  In d u c tiv e  e f f e c t s )
MeO>C-^
X X V I I XXV
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'XXVII
The a u th o rs  su g g es ted  th e  s l i g h t l y  g r e a te r  r a t e  observed  f o r  XXVIII was 
due to  r e l i e f  o f  B - s t r a ln  v ia  a  s y n /a n t l  I s o m e r iz a tio n . B - s t r a ln  I s  th e  
m u tual r e p u ls io n  o f  crowded atom s o r  g roups o f  atom s. In  t h i s  c a s e ,  
s t e r l c  r e p u ls io n  betw een th e  carbom ethoxyl and th e  ex o -p ro to n s  a c c o u n ts  
f o r  th e  s t r a i n .  D is to r t io n  o f  bond a n g le s  I s  c a l le d  I - s t r a l n ,  b u t I s  
e f f e c t i v e l y  th e  same fo r  b o th  XXVII and XXVIII. O ther p o s s ib le  ex p lan a ­
t io n s  c o n s is te n t  w ith  th e  observed  r e s u l t s  w ere n e g le c te d  In  b o th  p a p e rs .
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For exam ple, th e  s l i g h t l y  g r e a t e r  r a t e  fo r  XXVIII may o n ly  r e f l e c t  th e  
e a se  o f  approach  o f b a se  (app roach  o f  b a se  i s  s t e r i c a l l y  h in d e re d  by 
th e  exo p ro to n s  o f  XXVII) o r ,  i t  m igh t in d ic a te  th e  r e l a t i v e  s t a b i l i t i e s  
o f  th e  an io n  in te rm e d ia te  due to  d i f f e r e n t i a l  s o lv a t io n  ( s o lv a t io n  i s  
more e f f e c t iv e  fo r  l e s s  h in d e re d  a n io n s ) .
E xam ination  o f  th e  l i t e r a t u r e  f o r  r e a c t io n s  w hich m ight in v o lv e  
a  b is h om oan tiarom atic  in te rm e d ia te  o r  t r a n s i t i o n  s t a t e  was f r u i t f u l .  
C arb o n a tio n  o f  th e  G rignard  re a g e n t o f  sy n -7-brom onorbornene y ie ld e d  a
372 to  1 m ix tu re  o f a n t i  XXIX and syn XXX c a rb o x y lic  a c id s  r e s p e c t iv e ly .
Assuming th a t  c a rb o n a tio n  o ccu rs  w ith  r e t e n t io n  o f c o n f ig u ra t io n  and a t
a  r a t e  g r e a te r  th a n  s y n - a n t i  in te r c o n v e r s io n ,  th e n  th e  p ro d u c t r a t i o
r e f l e c t s  th e  d e s ta b i l i z in g  e f f e c t s  o f  b is h o m o a n tia ro m a tic ity . T here i s
ample ev id en ce  to  su p p o rt th e  assu m p tio n  t h a t  c a rb o n a tio n  o ccu rs  w ith
r e t e n t i o n . F u r th e r ,  te m p e ra tu re  dependen t p ro to n  nmr in d ic a te  slow
37b
in v e rs io n  o f  G rignard  r e a g e n ts  a t  room te m p e ra tu re . A re a so n a b le  
o v e r a l l  p ic tu r e  f o r  th e  r e a c t io n  i s  a s  fo llo w s : th e  i n i t i a l  sy n -7 -
G rignard  iso m e riz e s  to  an e q u i l ib r iu m  m ix tu re  o f  syn and a n t i  fo rm s . 
C arb o n a tio n  y ie ld s  a 2 to  1 m ix tu re  o f  c a rb o x y lic  a c id s .  Each a c id  i s  
formed s t e r o s p e c i f i c a l l y  from  th e  a n io n  o f  th e  same c o n f ig u ra t io n .  H ence, 
th e  a n io n  w ith  th e  lo n e  p a i r  a n t i  to  th e  ir bond i s  m ote s ta b le  th a n  th e  
syn a n io n . T h is  a t  l e a s t  im p lie s  d e s t a b i l i z a t i o n  due to  b ish o m o a n tia ro ­
m a t ic i ty  .
X X IX X X X
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38The C urtin -H anm ett p r in c ip le  s t a t e s  t h a t  f o r  r e a c t io n s  in
w hich th e  a c t iv a t io n  energy  f o r  th e  p ro d u c t fo rm ing  s te p  i s  much g r e a te r
1 1
t h a t  th e  a c t iv a t io n  energy  f o r  isom er in te rc o n v e r s io n  (A6^ >> A C p , th e  
p ro d u c t d i s t r i b u t i o n  r e f l e c t s  o n ly  th e  t r a n s i t i o n  s t a t e  e n e rg ie s  o f  th e  
p ro d u c t form ing r e a c t io n  ( r e p re s e n te d  s c h e m a tic a lly  in  F ig u re  3 ) .
A G j lA
F ig u re  3 . Schem atic R e p re se n ta tio n  o f  Curtin-H am m ett P r in c i p l e .
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A lthough  m ost o f  th e  in te rm e d ia te  i s  th e  m ore s t a b l e  B , th e  p ro d u c t w i l l
c o n ta in  a  m a jo r i ty  o f  m o lecu le s  from  th e  r e a c t io n  o f isom er A, w ith
s m a lle r  a c t i v a t io n  energy  f o r  p ro d u c t fo rm a tio n . The l i m i t in g  c a se  o f
t h i s  ty p e  o f  k i n e t i c  c o n t ro l  i s  in d ic a te d  Wien one t r e a t s  XXVIII w ith
39t r i t y l  sodium , th en  CH^I. The p ro d u c t i s  an  8 :1  m ix tu re  o f  XXXI and 
XXXII. H e re , u se  o f  t r i t y l  sodium t r a p s  th e  in te rm e d ia te  a s  i t s  
e n o la te ;  h ence  AG°*0. When b o th  p ro d u c ts  a r i s e  from  th e  same in te rm ed ­
i a t e ,  th e  p ro d u c t d i s t r i b u t i o n  r e f l e c t s  o n ly  th e  e n e r g e t ic s  o f  th e  p ro ­
d u c t-fo rm in g  r e a c t io n .  S te r i c  h in d ra n c e  to  th e  approach  o f  th e  e l e c t r o -  
p h i l e  on th e  a n t i  f a c e  ( r e p u ls io n  by exo hydrogens) can  b e s t  acco u n t 
f o r  th e  ob serv ed  p ro d u c t d i s t r i b u t i o n .
XXVII
M e O C X ^
X̂XXI XXXI I
The b e s t  r e s u l t s  y e t  p re se n te d  on th e  d e s ta b i l i z in g  e f f e c t s  o f
40b is h o m o a n tia ro m a tic ity  w ere p u b lish e d  i n  1972 by S t i l l e  and Sannes.
They g e n e ra te d  th e  7 -n o rb o rn en y l an io n  by  b a s ic  o x id a t iv e  c le a v a g e  of 
sy n -and a n t i - 7 -n o rb o rn en y l h y d ra z in e s ,  XXXIII and XXXIV, r e s p e c t iv e ly .  
T rea tm en t o f  e i t h e r  w ith  p o ta ss iu m  p e r io d a te  and p o ta ss iu m  ^ -b u to x id e  
i n  DgO o r  d e u te ra te d  t - b u t y l  a lc o h o l r e s u l t e d  in  i d e n t i c a l  m ix tu re s  o f  
93% a n t i - 7 -d e u te r io  and 7% s y n -7 -d e u te r io n o rb o rn e n e , XXXV and XXXVI, 
r e s p e c t iv e ly .
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X X X IV
The a u th o r  su g g e s te d  t h a t  th e  p ro d u c t r a t i o ,  w hich i s  unchanged r e g a rd le s s  
o f s t a r t i n g  m a te r ia l  o r  s o lv e n t ,  i s  c o n s is te n t  w ith  slow , i r r e v e r s i b l e  
fo rm a tio n  o f  th e  a n io n s ,  fo llow ed  by t h e i r  r a p id  e q u i l i b r a t i o n  and sub­
seq u en t c a p tu re  by d e u te r iu m . The im p lied  predom inance o f  th e  a n t i -  
ca rb a n io n  r e f l e c t s  th e  d e s ta b i l i z in g  e f f e c t s  o f  b is h o m o a n tia ro m a tic ity  
in  th e  sy n -  c a rb a n io n . One p o in t  n o t m entioned by th e  a u th o r s ,  how ever, 
i s  th e  p o s s i b i l i t y  t h a t  th e  p ro d u c t d i s t r i b u t i o n  does n o t  r e f l e c t  th e  
a n io n  d i s t r i b u t i o n  due to  an  unobserved secondary  r e a c t io n .  An example 
m igh t be  t h a t  th e  s y n -  a n io n  had a  secondary  r e a c t io n ,  such  a s  n u c le o -  
p h i l i c  a t t a c k  on th e  d oub le  bond fo llow ed  by f u r th e r  d eco m p o sitio n , 
w hich was n o t  p o s s ib le  f o r  th e  a a t i -  a n io n . I f  t h i s  o c c u r re d , th e  p ro d u c t 
d i s t r i b u t i o n  would b e  i n c o r r e c t ly  w eigh ted  tow ards XXXVI. T h is  i s  
c e r t a in l y  p o s s ib le  in  v iew  o f  th e  50% u n id e n t i f i e d  p ro d u c ts .
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A
Exam ining th e  therm odynam ic s t a b i l i t y  o f th e  In te rm e d ia te s ,  
w ith o u t th e  I n te r v e n t io n  o f  p ro d u c t form ing r e a c t io n s . seco n d ary  r e ­
a c t io n s ,  e t c . .  I s  d i f f i c u l t .  The problem  I s  g r e a t ly  s im p l i f i e d ,  
how ever, by u se  o f  a  h e te r o c y c l i c  m odel. D ire c t o b s e rv a tio n  o f  th e  
therm odynamic e q u il ib r iu m  betw een two Inverto m ers  o f an am ine I s  pos­
s i b l e  th ro u g h  th e  u se  o f  te m p e ra tu re  dependent p ro to n  nm r. K in e t ic  
d a ta  I s  a l s o  a v a i la b le  by t h i s  te c h n iq u e , and In  f a c t ,  t h i s  was one of 
th e  e a r l i e s t  u se s  o f  v a r i a b le  te m p e ra tu re  nmr sp e c tro sc o p y . A c tiv a tio n  
e n e rg ie s  f o r  n i t r o g e n  In v e rs io n  In  a z l r ld ln e s  w ere o b ta in e d  a s  e a r ly  a s  
1960.^^  In  am ines w here AG“=0 (e q u a l p o p u la tio n s  o f  In v e rto m ers)
c a l c u la t io n  o f  th e  a c t i v a t io n  en e rg y  from th e  p ro to n  nmr I s  r e l a t i v e l y  
42s im p le . For m o lecu le s  w here th e  s t a t e s  a re  n o t  e q u a l ly  p o p u la te d ,
6G**0, c a l c u la t io n s  o f  th e  a c t i v a t io n  energy  I s  more d i f f i c u l t .  C a lcu -
4> 43l a t l o n  o f AG' r e q u i r e s  th e  s o lu t io n  o f  th e  B loch e q u a t io n s ,  and t h i s
I s  u s u a l ly  hand led  by  com puter g e n e ra tio n  o f t r i a l  f u n c t io n s  w hich a r e
m atched w ith  e x p e r im e n ta lly  o b ta in e d  s p e c tr a .
For u n e q u a lly  p o p u la te d  s t a t e s ,  d e te rm in a tio n  o f  AG° by nmr 
44sp e c tro m e try  I s  s im p le  p ro v id ed  th e  e q u il ib r iu m  c o n s ta n t  I s  w ith in  
0 .0 5  <K< 20 ( I f  th e  p o p u la tio n  o f  one Invertom er I s  > 98%, o b s e rv a tio n  
o f  th e  m inor component I s  d i f f i c u l t ) . The te m p e ra tu re  o f  c o a le sc e n c e
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m ust be in  th e  p r a c t i c a l l y  o b ta in a b le  ran g e  o f  -150*< < +150“ .
F in a l ly ,  th e  ch em ica l s h i f t  d i f f e r e n c e  o f  in v e rto m e rs  m ust be  s u f f i c i e n t ­
ly  un ique so t h a t  a c c u ra te  in t e g r a t i o n  o f  th e  s ig n a l s  i s  p o s s ib le .  For 
exam ple, th e  e q u i l i b r a t i o n  o f  a h t i - 7- c h lo r o - 7-a z a n o rb o rn a d ie n e  
(XXXVII) a t  room te m p e ra tu re ^ ^  y ie ld s  a  m ix tu re  o f  60% sy n -7 -c h lo ro r -7 -  
azab en zonorbo rnad iene  (XXXVIII) and 40% XXXVII.
XXXVII
□
X X X V I
AG“ i s  o b ta in e d  d i r e c t l y  from e l e c t r o n i c  i n t e g r a t i o n  o f th e  p ro to n
nmr s p e c t r a .  The a c t iv a t io n  energy  f o r  t h i s  in v e r s io n  i s  AG'=16 k c a l /
m o l e T h i s  r e p r e s e n t s  a much h ig h e r  b a r r i e r  th a n  f o r  sim ple  a l i p h a t i c
am ines which a v e ra g e  6-8  k c a l/m o le .^ ^  The re a so n  i s  tw o fo ld : a)
2
e le c t r o n  d o n a tin g  g roups l i k e  C l-  ten d  to  d e s t a b i l i z e  and sp t r a n s i t i o n
47s t a t e  w hich i s  a  n e c e s s a ry  in te rm e d ia te  in  in v e r s io n .
1 .'
Rc=1s|o  ̂ oNo -—=- oN-=R,
R3 sp^ RjSp^ sp^ 1̂ 2
2 48and b) I - s t r a i n  l ik e w is e  d e s ta b i l i z e s  th e  sp t r a n s i t i o n  s t a t e .
C o n v erse ly , e l e c t r o n  w ith d raw in g  groups d e c re a se  AG  ̂ by s t a b i l i z i n g  th e  
2
sp  t r a n s i t i o n  s t a t e .
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The e f f e c t  o f e l e c t r o n  w ith d raw in g  and d o n a tin g  groups and I - s t r a l n
I s  a p p a re n t In  th e  fo llo w in g  com parisons o f  AG  ̂ In  T ab le  1 .  By com parison
I
o f th e  s t r u c t u r a l  d e t a i l s  o f  XVI, XVII, X V III, and XIX, w ith  th e  AG^, 3 
v a lu e s  l i s t e d  In  T ab le  1 , we can  make a t  l e a s t  c ru d e  ap p ro x im atio n s as  to  
ex p ec ted  a c t iv a t io n  e n e r g ie s ,  and hence  c o a le se n c e  te m p e ra tu re s .^ ^  For 
exam ple, XVI and XVII a r e  s t r u c t u r a l l y  s im i la r  to  th e  l a s t  e n try  In  th e  
ta b le  (# 9 ) .  Assuming m odels XVI and XVII a r e  s l i g h t l y  l e s s  s t r a in e d  th a n  
e n t ry  #9 , AG  ̂ shou ld  be  s l i g h t l y  low er and c o a le se n c e  te m p e ra tu re s  shou ld  
be s l i g h t l y  lo w er. T h e re fo re , we know f o r  XVI and SVII th a t  th e  upper 
l i m i t  f o t  Tg I s  ç a .  -5 0 * . L ik e w ise , XVIII and XIX a r e  s l i g h t l y  more 
s t r a in e d  th a n  e n t ry  #7 , t h e r e f o r e ,  Ag"̂  shou ld  b e  s l i g h t l y  g r e a te r  th a n  
8 .4  k ca l/m o l and T^ sh o u ld  b e  s l i g h t l y  > -9 8 " . To o b ta in  th e  e q u i lib r iu m  
c o n s ta n t (and hence AG*) In  XVI, XVI, XVII, and XIX, i t  I s  n e c e ssa ry  
to  co o l th e  sam ple down u n t i l  th e  te m p e ra tu re  I s  below  c o a le s e n c e . Then, 
by I n te g r a t io n  o f th e  N -m ethyl nmr a b s o rp tio n  s ig n a l ,  (o r  any s ig n a l  
w hich a llo w s an a c c u ra te  I n te g r a t io n )  we can  d e te rm in e  th e  r e l a t i v e  
p o p u la tio n s  o f th e  two In v e r to m e rs . In  o rd e r  to  a s s ig n  th e  a p p ro p r ia te  
In v e r te r to m e rs  to  t h e i r  p o p u la t io n s ,  we need o n ly  compare ch em ica l s h i f t s  
w ith  th o se  o f  c a rb o c y c llc  a n a lo g s .  From T ab le  I I  I t  I s  c l e a r  t h a t  In  
ev ery  c a s e ,  th e  m ethyl group o f  th e  syn Isom er a b so rb s  a t  a  h ig h e r  f i e l d  
th a n  th e  a n t i  iso m er. T h is  m ig h t be ex p ec ted  from th e  f a c t  t h a t  th e  syn 
m ethy l groups a r e  In  a  s h ie ld in g  re g io n  (above th e  p la n e ) o f  th e  d oub le  
bond o r benzene r in g .
The fo llo w in g  I s  a  b r i e f  summary o f our e x p e c ta t io n s  f o r  th e  
te m p e ra tu re  dependant nmr o f XVI th r u  XIX.
Somewhere betw een 0 and -5 0  we ex p ec t to  se e  th e  N -m ethyl s in g l e t  




-R_______________ AG'____________________  R eferen ce
1) Me 2 2 .4  49
2) I s 12 .4 52
3) Me 10.6 50
4) Cl 13.8 50
5) T osy l 6 .2 50
6) Cl 10.6 53
7) Me 8 .4 53
8) Cl 23 .5 45
9) Me 14 .0 54
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Chem ical s h i f t  o f  syn  and a n t i  m ethy l g roups i n  a  few b ic y c l ic  







X V I I a
□
X V I lb
Due to  b I s h om oantiarom atIc  d e s t a b i l i z a t i o n  In  XVIa and XVIIa, we p r e d ic t  
K > 1 , and hen ce , In v e rto m ers  XVIb and XVIIb w i l l  p red o m in a te . T h is  w i l l  
be re p re s e n te d  by th e  m ajor component (b) b e in g  u p f le ld  o f  th e  m in o r, ( a ) .
In  XVIII and XIX due to  d e c re a se d  I - s t r a l n ,  we ex p ec t c o a le se n c e  
somewhere betw een -5 0 “ and -100“ . F or th e  nonsym m etrlc I n te r a c t io n  o f 
th e  n i t r o g e n  lo n e  p a i r  w ith  th e  ir o r b i t a l s ,  we p r e d ic t  s t a b i l i z a t i o n  due 
to  fa v o ra b le  h o m o a lly llc  c o n ju g a tio n . For XVIII and XIX, we su g g e s t 
th a t  th e  more s t a b l e  Invertom er I s  ( a ) ,  hence  K< 1 . In  th e s e  c a s e s ,  th e  
nmr shou ld  I n d ic a te  th e  m ajor component d o w n fle ld  o f th e  m inor com ponent.
N









B efo re  d is c u s s in g  th e  r e s u l t s  o f  th e  dynamic nmr s t u d i e s ,  I  w i l l  
d is c u s s  th e  s y n th e s is  o f  XVI-XIX. Of th e  fo u r  b ic y c l i c  am in es , o n ly
58N -m e th y l-5 -a z a b lc y c lo (2 .2 .2 )o c t-2 -e n e ,  has p re v io u s ly  been  p re p a re d .
The d is c u s s io n  w i l l  b e g in  . w ith  th e  s y n th e s is  o f th e  7 -a z a b lc y c lo (2 .2 .1 )
h e p t - 2-én e  sy stem .
When we began  t h i s  w ork , th e  o n ly  known method o f  p re p a r in g  th e
7 -a z a b lc y c lo (2 .2 .1 )h e p te n y l  s k e le to n  employed D le ls -A ld e r  r e a c t io n s
betw een s u b s t l tu tu e d  p y r r o le s  and a c e ty le n e  d e r iv a t iv e s .^ ^  The y ie ld s
w ere g e n e ra l ly  po o r and co u ld  o n ly  be  used  to  p re p a re  h ig h ly  s u b s t i tu t e d
d e r iv a t iv e s .  A s y n th e s is  o f  7 -a z a b lc y c lo (2 .2 .1 )h e p ta n e  h as  r e c e n t ly  been
r e p o r t e d . H o w e v e r ,  a t te m p ts  to  c o n v e r t I t  to  7 -a z a b lc y c lo (2 .2 .1 )h e p te n e
64v ia  e l im in a t io n  o f  HCl from  th e  e x o -2 -c h lo ro  d e r iv a t iv e  w ere u n s u c c e s s fu l .  
The on ly  b o n a fld e  s y n th e s is  o f  an  N - s u b s t l tu te d  7 - a z a b lc y c lo (2 .2 .1 )h e p te n e  
h as  been d e s c r ib e d  by Hoesch and D re ld ln g .^ ^  N -p h th a llm ld o -7 -a z a b lc y c lo -
( 2 .2 . l ) h e p te n e  was p re p a re d  In  7% y ie ld  by Iso m e rlz ln g  N -p h th a llm ld o -7 -  
a z a b lc y c lo (4 .1 .0 )h e p t-2 - e n e .  But a g a in , a ttem p ted  c o n v e rs io n  to  th e  
p a re n t  amine was u n s u c c e s s fu l .  O ther m ethods, such  a s  c y c l lz ln g  v a r io u s  
cyclohexy lam lne d e r iv a t iv e s ,^ * '* ^  and c y c lo a d d it io n  o f a z a la c to n e s * * ” ^^ 
have produced o n ly  s u b s t i t u t e d  7 -a z a b lc y c lo (2 .2 .1 )h e p ta n e s .
Our f i r s t  a t te m p t tow ard  th e  s y n th e s is  o f  XVI In v o lv ed  r in g
c lo s u re  o f  N -m ethy l- c l s - 2 . 5 -d lc a rb o e th o x y  p y r r o l id in e  em ploying a  m o d ified
a c y lo ln  c o n d e n sa tio n .^ ^  T h is  r e a c t io n  h as  been  shown to  be  u s e f u l  fo r
7X 72 73*"75th e  s y n th e s is  o f  b o th  sm a ll '  and la r g e  r in g s .  The mechanism o f
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th e  c y c l iz a t io n  i s  presumed to  be  an  i n i t i a l  b im o le c u la r  r e d u c t io n  o f 
th e  d i e s t e r  to  a  sem id io n e , fo llo w ed  by r in g  c lo s u re  and f u th e r  r e ­
d u c t io n .  Numerous a t te m p ts  a t  e f f e c t i n g  t h i s  co n d e n sa tio n  on N -a lk y l 
c i s “2 ,5 -d ic a rb o e th o x y  p y r r o l id in e  met w ith  f a i l u r e ,  save  one i s o la te d  
ru n  w hich cou ld  n o t  b e  re p ro d u c e d .
The fo llo w in g  i s  b u t a  p a r t i a l  l i s t i n g  o f  th e  v a r io u s  c o n d itio n s  
we em ployed.
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0 , 25°, 50°, 8 0 ° , 110°
Most o f th e  r e a c t io n  c o n d i t io n s  w ere d u p lic a te d  w ith  a d d i t io n  o f 
c h lo ro t r im e th y ls i l a n e ,  w hich h a s  been  shown to  b e  u s e f u l  f o r  p re p a r in g  
s t r a in e d  r in g s^ ^  v i a  a c y lo in  fo rm a tio n .
The f a i l u r e  o f  th e  a c y lo in  c o n d e n sa tio n  fo rc e d  u s  to  r e c o n s id e r
th e  D ie ls -A ld e r  r e a c t io n  f o r  th e  p r e p a r a t io n  o f  XVI. I n i t i a l l y  we chose  
th e  method o f  B an sa l e t  a l . ^ ^  to  p re p a re  N -ca rb o e th o x y -2 ,3 -d ica rb o m eth o x y ,
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7-azabicyclo(2.2.1)hepta-2,5-diene, XXXIX. Although the product was
o b ta in ed  in  ab o u t 80% y ie ld ,  two f a c to r s  m it ig a te d  a g a in s t  i t s  u se
s y n th e t ic a l ly :  to  o b ta in  even gram q u a n t i t i e s  o f  p u re  p ro d u c t re q u ire d
la rg e  s c a le  column chrom atography S econd ly , t r a c e s  o f  Lewis a c id s  caused
61
is o m e r iz a t io n  o f  XXXIX to  th e  am in o p h th a la te  e s t e r .
^ O jE t H^ î-COgEt
> 4 0 °
. CO Jvle Lewis acid
XXXIX
S im ila r  rea rran g e m en ts  have been  o b served  f o r  s u b s t i tu t e d  7 -o x ab ic y c lo
(2 .2 .1 )h e p ta d ie n e s^ ®  and 7 - th ia b ic y c lo ( 2 .2 .1 ) h e p ta d ie n e s .^ *
For th e  re a so n s  c i t e d ,  we d ec id ed  to  seek  an a l t e r n a n t  s t a r t i n g
m a te r ia l .  The D ie ls -A ld e r  ad d u c t o f  N -benzy l p y r ro le  and a c e ty le n e -
80d ic a rb o x y lic  a c id  i s  o b ta in e d  in  o n ly  18% y ie ld .  However, i t s  e a se  o f  
i s o l a t i o n  and th e rm a l s t a b i l i t y  outw eigh th e  low y i e ld .  N -benzyl 
7 - a z a b ic y c lo ( 2 .2 .1 ) h e p ta - 2 ,5 - d ie n e - 2 ,3 - d ic a rb o x y l ic  a c id  (XL) i s  e a s i l y  
i s o la te d  from  th e  c ru d e  r e a c t io n  m ix tu re  by re p e a te d  w ashing w ith  h o t 
a c e to n e . Z w it te r io n ic  XL i s  in s o lu b le  in  a c e to n e  and can  be  r e c r y s t a l ­
l i z e d  from b o i l in g  HgO w ith  on ly  s l i g h t  d eco m p o sitio n . B eg inn ing  w ith  
XL, f ig u r e  4 o u t l in e s  th e  r e a c t  io n  schemes employed in  th e  s y n th e s is  o f 
7 -a z a b ic y c lo (2 .2 .1 )h e p te n e  and N - s u b s t i tu te d  d e r iv a t iv e s .
H y d ro g en a tio n -h y d ro g en o ly s is  o f  XL i s  e f f e c te d  by 3 m oles Hg 
ov er 10% F d /c . The r e d u c t io n ,  conducted  in  aqueous s o lu t io n ,  no rm ally  
produced XLII w hich w a s n 't  i s o l a t e d .  The aqueous s o lu t io n  was t r e a te d
C O o H
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Figure 4. Reaction scheme for the synthesis of several 7-azanorbornenes
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w ith  e th y l  c h lo ro fo rm a te , to  y ie ld  N -c a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .1 )  
h e p ta n e -2 . 3- e n d o , endo-d ic a rb o x y lic  a c id ,  X L III. O c c a s io n a lly , c a t a l y s t
p o iso n in g  s to p p ed  th e  r e a c t io n  a f t e r  u p ta k e  o f  o n ly  one m ole hydrogen ,
81y ie ld in g  X II . Compound X L III i s  an  i n t r a c t a b l e  s y ru p , b u t  vacuum sub­
lim a tio n  c o n v e r ts  i t  to  th e  c r y s t a l l i n e  c y c l i c  a n h y d rid e , XLIV. The 
nmr and m ass s p e c t r a  a r e  p re se n te d  in  f ig u r e s  5 and 6 .
A ssignm ent o f th e  endo s te re o c h e m is try  to  XLIV fo llo w s  from  th e
p r e f e r r e d  mode o f  a d d i t io n  o f  to  norbornene.® ^ The nmr i s  a l s o
83c o n s is te n t  w i th  t h i s  a ss ig n m en t. I f  th e  2 ,3 -d ic a rb o x y lic  an h y d rid e
g r o u p  w ere exo , th e  2 ,3  endo p ro to n s  would ap p ea r a s  a  s i n g l e t .  The
m u l t ip l e t  a t  ç a .  5 3 .7  i s  due to  th e  2 ,3  exo p ro to n s  w hich a r e  coupled
to  th e  1 ,4  b rid g eh e ad  p ro to n s  a t  5 4 .7 0 ,  (com plete  p ro to n  ass ig n m en ts
l i s t e d  i n  e x p e r im e n ta l) .  C h a r a c te r i s t i c  io n s  in  th e  mass s p e c tr a  o f
XLIV in c lu d e d  th e  p a re n t io n ,  lo s s  o f  e th y le n e ,  lo s s  o f m a le ic  a n h y d rid e ,
82and a  M cL afferty  rea rran g em en t p ro d u c t.
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Figure 6. 70 eV mass spectrum of XLIV
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A p ro c e d u re  analogous to  t h a t  u sed  to  p re p a re  X L III was employed
fo r  th e  s y n th e s is  o f  N -T o s y l-7 -a z a b lc y c lo (2 .2 .1 )h e p ta n e -2 ,3 - c l s , endo
d ic a rb o x y lic  a c id ,  XLV. The c o rre sp o n d in g  c y c l ic  a n h y d rid e , XLVI could
be o b ta in e d  by vacuum su b lim a tio n  o f  XLV a t  te m p era tu re s  in  ex cess  of
100*. Shown i n  f ig u r e s  7 and 8 a r e  th e  nmr o f  XLV and th e  m ass s p e c tr a
o f  XLVI R e s p e c t iv e ly .
The n e x t s te p  in  th e  s y n th e t ic  sequence r e q u i r e s  an  o x id a tiv e
b is -d e c a rb o x y la t io n  to  produce th e  7- a z a b ic y c lo (2 . 2 . 1) h e p t - 2-e n e  s k e le to n .
Lead d io x id e  was f i r s t  used  to  e f f e c t  b i s - d e c a rb o x y la tio n s  o f  1 ,2 - d i -
c a rb o x y lic  a c i d s .  However, th e  y ie ld s  w ere v a r ia b le  and alw ays lo w .^ ^ ’^® 
89S u b seq u en tly , Grob found t h a t  le a d  t e t r a a c e t a t e  gave c o n s i s t e n t ly  b e t t e r
y ie ld s .  A ttenqsts to  e f f e c t  o x id a t iv e  b i s - d e c a rb o x y la tio n  o f  th e  N-
carboe thoxy  d ia c id  w ith  le a d  t e t r a a c e t a t e  gave v a r ia b ly  d is a p p o in tin g
r e s u l t s .  V ary ing  com binations of p y r id in e ,  benzene and d im e th y l s u lfo x id e
90were employed a s  s o lv e n ts .  On a l l  o c c a s io n s  on ly  t r a c e s  o f  p ro d u c ts  
w ere o b ta in e d , a lo n g  w ith  p ro d u c ts  r e s u l t i n g  from v a ry in g  d e g re e s  o f 
s t a r t i n g  m a te r ia l  d eco m p o sitio n .
In  th o s e  ca se s  w here a  r e a c t io n  d id  o c c u r , th e  absence  o f  p ro ­
d u c t may be due to  f u r th e r  r e a c t io n  o f  th e  s t r a in e d  d o u b le  bond , e i t h e r
91by a c é to x y la t io n  o f th e  d o u b le  bond o r  c leav ag e  o f  th e  a l l y l i c  c a rb o n - 
92n i tro g e n  bond.
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F ig u re  8 . 70 eV m ass sp ec trum  o f  XLVI
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Somewhat b e t t e r  r e s u l t s  w ere o b ta in e d  v ia  e l e c t r o l y t i c  b is -d e c a rb o x y la -  
t io n .* ^ " * ^  T h is  i s  an  e x te n s io n  o f  th e  Kolbe e l e c t r o l y s i s , ^ ^  w hich i s  
u sed  to  c o n v e r t m onocarboxylic  a c id s  to  hydrocarbon  d im e rs , v i a  a  f r e e  
r a d ic a l  m echanism .
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U ti l iz in g  v e ry  s im p le  e l e c t r o l y s i s  equipm ent (V ide in f r a )  we o b ta in e d
about a  30% y ie ld  o f  N -c a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .1 )h e p t - 2 - e n e , XLVII.
E l e c t r o l y t i c  d e c a rb o x y la tio n  o f  th e  N - to s y l  d e r iv a t iv e  was n o t  q u i t e  so
s u c c e s s fu l ,  a f f o r d in g  a t  b e s t  a  12% y ie ld  o f  N - to lu e n e s u lfo n y l-7 -a z a b i-
c y c lo ( 2 .2 .1 ) h e p ta n e , XLVIII.
The e l e c t r o l y s i s  equipm ent c o n s i s t s  o f  a  v a r i a b le  tr a n s fo rm e r ,
f u l l  wave b r id g e  r e c t i f i e r ,  two p la tin u m  w ire  mesh e le c t r o d e s  and an un-'
d iv id e d  b e a k e r  w ith  a  means f o r  e x t e r n a l  c o o lin g . The ad v an tag es  o f  t h i s
e l e c t r o l y s i s  c e l l  a r e  o b v io u s: i t  i s  b o th  s im p le  and in e x p e n s iv e . The
m ajor draw back l i e s  in  th e  la c k  o f  c o n t r o l  o f  r e a c t io n  c o n d i t io n s .  F o r
exam ple, in  an  u n d iv id ed  c e l l ,  th e  p o s s i b i l i t y  e x i s t s  f o r  a  r e a c t io n  a t






As th e  e l e c t r o l y s i s  p ro c e e d s  and th e  re a g e n t i s  consumed, th e  c u r r e n t
d ro p s  and th e  p o t e n t i a l  a t  th e  w orking e l e c t r o d e  (ca th o d e) becomes i n -
98c r e a s in g ly  n e g a t iv e .  T h is  can  cau se  u n d e s ire d  s id e  r e a c t io n s .  For 
t h i s  re a so n  th e  e l e c t r o l y s i s  was run  to  o n ly  ç a .  80% co m p le tio n .
In  a  t y p i c a l  e l e c t r o l y s i s  ex p e rim e n t, 10-12 mmoles o f  th e  d ia c id  
was d is s o lv e d  in  100 ml 10% aqueous p y r id in e  w ith  one ml t r ie th y la m in e  a s  
c o e l e c t r o l y t e .  An i n i t i a l  c u r r e n t  o f  500 mamps (60 to  80 v o l t s )  caused 
s u f f i c i e n t  h e a t in g  o f  th e  s o lu t io n  to  r e q u i r e  e x te r n a l  c o o l in g . By th e  
tim e  th e  c u r r e n t  had dropped  below  one f i f t h  th e  i n i t i a l  v a lu e ,  th e
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r e a c t io n  was te rm in a te d . I f  th e  r e a c t io n  i s  c o n tin u e d  f o r  lo n g e r  
p e r io d s  o r  i f  th e  i n i t i a l  v o l ta g e  i s  much g r e a t e r  th a n  60 to  80 v o l t s ,  
th e  y i e l d  i s  d e c re a se d . In  e i t h e r  ca se  th e  re a s o n  i s  t h a t  th e  v o l ta g e  
i s  d r iv e n  to  in c re a s in g ly  n e g a t iv e  v a lu e s  w here secondary  o x id a t iv e  
r e a c t io n s  o ccu r.
F o r e i t h e r  th e  N -carboethoxy  o r  N -T osyl d e r iv a t iv e s ,  th e  workup 
c o n s is te d  o f  s im p le  s o lv e n t  e x t r a c t io n  fo llo w ed  by column chrom atography 
on n e u t r a l  a lum ina. N -C a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .l ) h e p t - 2 - e n e  can  be 
f u r t h e r  p u r i f i e d  by g a s  chrom atography , a s  lo n g  a s  a l l  com ponents ( in ­
j e c t o r ,  column, d e te c to r )  a r e  m a in ta in ed  below  abou t 150°. Above t h i s  
te m p e ra tu re , a  r e t r o - D le ls - A ld e r  r e a c t io n  o c c u r s ,  a f fo rd in g  N -carbeo thoxy- 
p y r r o le  and e th y le n e . F u r th e r  p u r i f i c a t i o n  o f  N - to lu e n e s u lfo n y l-7 -a z a -  
b ic y c lo (2 . 2 . l ) h e p t - 2- e n e  i s  e a s i l y  e f f e c te d  by r e c r y s t a l l i z a t i o n .
The nmr and m ass s p e c t r a  o f XLVII and XLVIII a r e  shown in  
f ig u r e s  9 -1 2 . The nmr o f  XLVII and XLVIII a r e  c h a r a c t e r i s t i c  o f  7 -a z a -  
b ic y c lo ( 2 .2 . l ) h e p te n e s . The com plete  p ro to n  ass ig n m e n ts  a r e  g iv e n  
in  th e  ex p e rim en ta l s e c t i o n  b u t I  would l i k e  to  p o in t  o u t a  d eco u p lin g  
ex p erim en t ( i n s e t ,  f i g u r e  9 ) .  C oupling betw een th e  1 ,4 -b r id g e h e a d  
p ro to n s  and th e  o l e f i n i c  p ro to n s  i s  c l e a r l y  in d ic a te d  by i r r a d i a t i o n  of 
th e  s ig n a l  a t  5 4 .41  (H^ ^ ) .  The o l e f i n i c  p ro to n  re so n an ce  (6 6 .2 4 ) 
c o l la p s e s  to  a  s i n g l e t ,  w id th  a t  h a l f  h e ig h t  ç a .  1 -2  Hz. The m ass s p e c tr a  
o f b o th  XLII and XLVIII a r e  c h a r a c t e r i s t i c ,  e x h ib i t in g  a  l a r g e  M-28 
p eak . T h is  common f ra g m e n ta tio n  i s  due to  th e  lo s s  o f  e th y le n e ,  a  
r e t r o - D ie ls - A ld e r  r e a c t io n .
£
F ig u re  9 . 60 MHz nmr spec trum  o f  XLVII, CDC1_; o f f s e t ,  doub le  i r r a d i a t i o n  a t
6 4 .7 4 . ^










F ig u re  10. 70 eV mass spec trum  o f XLVII
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F ig u re  12 . 70 eV mass spec trum  o f XLVIII.
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^  Ô +
m +  ( m - 2 8 r
H C=CH 
2 2
To com plete th e  s y n th e s is  o f  th e  u n s u b s t i tu te d  p a re n t am ine 
7 -a z a b ic y c lo (2 .2 .1 )h e p te n e ,  XLIX, we i n i t i a l l y  in ten d ed  to  h y d ro ly se  
N -c a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .1 )h e p te n e . The c o n d itio n s  to  e f f e c t  
h y d ro ly s is  how ever, le a d  to  a r e t r o - D ie ls - A ld e r  r e a c t io n ,  a s  above.
Com pound XLIX was o b ta in e d  by r e d u c t iv e  c le a v a g e  o f XLVIII v i a  sodium
>r reg en  
100,101
99in  l i q u id  ammonia. T h is  method i s  u sed  f o r e ra t in g  amino a c id s
in  th e  absence o f a c id ic  o r  b a s ic  c a t a l y s t s .
- T s
N '
5 eq . No
NH.
To th e  b e s t  o f our know ledge, t h i s  r e p r e s e n ts  th e  f i r s t  s y n th e s is  o f 
t h i s  s t r a in e d  seco n d ary  am ine, Thî nmr and mass s p e c tr a  o f 7 -a z a b ic y c lo -  
(2 .2  . l ) h e p te n e  a r e  shown in  f ig u r e s  13 and 14.
The p r in c ip a l  compound so u g h t in  t h i s  work was N -m e th y l-7 -a z a - 
b ic y c lo (2 .2 .1 )h e p te n e ,X V I . I t  a l s o  p roved  to  be  th e  m ost d i f f i c u l t  to  
o b ta in .  The s y n th e s is  o f XVI was f r u s t r a t e d  f o r  sometime by our 
i n a b i l i t y  to  s e l e c t i v e ly  red u ce  th e  c a rb o e th o x y l group o f  XLVII to  
m e th y l, w ith o u t s im u ltan e o u s  r e d u c t io n  o f  th e  ca rb o n -ca rb o n  d o u b le
I T  I I ’ I I I »' I ■ I -  "n r  r,.,| p .,...—, , I ., .>■ r , I I I r I I I I I -I 'y
..., ' , '  -T' nr-  .....    '^ -t-
I I 1 r 1   ■ " '  1
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F ig u re  13. 60 MHz lunr spec trum  o f  XLIX, CDC1„; o f f s e t ,  exo p ro to n  re g io n  a f t e r  









F ig u re  14. 70 eV mass sp ec tru m  o f  XLIX
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I t  was found t h a t  tre a tm e n t o f XLVII w ith  l i th iu m  
aluminum h y d rid e  in  e th e r  r e s u l t e d  in  com plete  r e d u c t io n  o f th e  ca rb o n - 
carbon  doub le  bond, even b e fo re  r e d u c t io n  o f th e  c a rb o e th o x y l group was 
com plete!
.C O E t
Running th e  r e a c t io n  a t  v a r io u s  te m p e ra tu re s  (35“ , RT, 0“ , -2 0 “) on ly
a l t e r e d  th e  o v e r a l l  r a t e  b u t d id  n o t a f f e c t  th e  s e l e c t i v i t y  o f  th e
re d u c t io n .  S im i la r ly ,  tre a tm e n t o f  XLVII w ith  V i t r i d e  in  e th e r  o r  benzene
a t  v a r io u s  te m p e ra tu re s  a g a in  r e s u l t e d  i n  com plete  d o ub le  bond re d u c t io n .
The problem  was f i n a l l y  overcome by em ploying d i i s o b u ty l  aluminum h y - 
104d r id e  in  benzene a s  th e  re d u c in g  a g e n t .
M 'C C ^ E t
For th e  s y n th e s is  o f XVI, 3 to  4 e q u iv a le n ts  o f d i i s o b u ty l  aluminum 
h y d rid e  w ere added to  one e q u iv a le n t  o f  XLVII in  b en zen e . A f te r  about 
5 hou rs  a t  room te m p era tu re  th e  r e a c t io n  was w orked up w ith  c o n c e n tra te d  
p o ta ss iu m  h y d ro x id e , fo llow ed  by i s o l a t i o n  a s  th e  p i c r a t e .  The f r e e  amine 
i s  o b ta in e d  by steam  d i s t i l l a t i o n  o f  a  m ix tu re  o f aqueous p o tassium  




The nmr and mass s p e c tr a  o f XVI a r e  shown in  f ig u re s  15 and 16 .
The nmr o f XVI (60 MHz, CDClg s o lu t io n ,  TMS r e f . )  i s  c h a r a c te r ­
i s t i c  o f  th e  7 - a z a b ic y c lo (2 .2 .1 )h e p te n e  system ; th e  5 ,6  endo p ro to n s
ab so rb  a t  h ig h e s t  f i e l d  a s  a  d o u b le  d o u b le t a t  ô 0 .9 6  (J^  ^ = 10-11 Hz
n , X
= 3 to  4 h z ) . The 5 ,6  exo p ro to n  m u l t ip l e t  ap p ea rs  a t  S 1 .7 6 .
In  a d d i t io n  to  c o u p lin g  to  th e  endo p ro to n s ,  th e  5 ,6  exo p ro to n s  a r e  
f u r th e r  coup led  to  th e  1 ,4  b rid g e h e a d  p ro to n s .  The N -m ethyl s i n g l e t  i s  
o bserved  a t  6 2 .0 4 . T h is re so n an ce  i s  a  w eigh ted  tim e -a v e ra g e  o f  th e  
two p o s s ib le  con fo rm atons, (v id e  i n f r a ) .
The 1 ,4  b rid g eh e ad  p ro to n  re so n an ce  ap p ea rs  as  a  m u l t ip l e t  a t  
6 3 .6 9 . The o l e f i n i c  p ro to n s ,  a t  6 5 .6 9  appear a s  a  m u l t i p l e t  ( a t  th e  
am bien t probe te m p e ra tu re  th e  o l e f i n i c  p ro to n  s ig n a l  s u f f e r s  exchange 
b ro a d e n in g , hence co u p lin g  i s  n o t a p p a re n t)
The ex p ec ted  f e a tu r e  o f  th e  mass spectrum  o f XVI i s  th e  r e t r o -  
D ie ls -A ld e r  f ra g m e n ta tio n  o f  XVI to  e th y le n e  and N -m ethyl p y r r o le ,  (40% 
b a se  p e a k ) . In  f a c t  to  o b se rv e  th e  m o le c u la r  io n  (even a t  10 eV ), i t  was 
n e c e ss a ry  to  co o l th e  f i la m e n t chamber to  room te m p e ra tu re . O ther 
im p o rtan t f ra m e n ta tio n s  ap p ea r a t  m /e 94 and m/e 80;
. I I ' * . I .  - . . I I » -. ■ ■ » I . . » I I I ■ I- ■ I t  1 ■ . ■ I 1
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F ig u re  16 . 70 eV m ass sp ec tru m  o f  XVI
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S y n th e s is  o f N -M e th y l-7 -A zab en zo b icy c lo (2 .2 .1 )h ep ten e  (XVII)
S y n th e s is  o f XVII, e s p e c ia l ly  when compared to  th e  s y n th e s is  of 
XVI, was ex tre m e ly  s im p le  and s t r a i g h t  fo rw ard . Two schem es, b o th  o f 
which employ D ie ls -A ld e r  r e a c t io n s ,  have been used  to  p re p a re  v a r io u s ly  






R e ac tio n  o f  N - s u b s t i tu te d  p y r ro le s  w ith  benzyne (g e n e ra te d  j n  s i t u )  g iv e  
n a p h th le n - l ,4 - im in e s  in  y ie ld s  from c a . 30 to  70%. G en e ra lly  th e  y ie ld s
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a r e  b e t t e r  when R i s  an  e l e c t r o n  w ithd raw ing  g r o u p . T h i s  i s  due to  
in c re a s e d  c o n t r ib u t io n  from  th e  re so n an ce  form  on th e  r i g h t ,  w hich makes 
p y r ro le  l e s s  a ro m a tic  and hence a  b e t t e r  D ie ls -A ld e r  d ie n e .
O - '
N = R
The second method fo r  s y n th e s is  o f  n a p h th a le n -1 , 4 - im ines in v o lv e s  p re p a r ­
a t io n  o f is o in d o le  and su b se q u en t r e a c t io n  w ith  a c e ty le n e  o r  e th y le n e  
d e r iv a t iv e s .  For th e  s y n th e s is  o f  XVII, th e  more d i r e c t  approach  ( th e  
form er) was ad o p ted .
N -carboethoxy  p y r r o le  r e a c t s  w ith  benzyne, (g e n e ra te d  in  s i t u  
v ia  th e rm al decom position  o f  benzene d iazon ium -2- c a rb o x y la te )  in  r e f lu x in g  
THF to  a f fo rd  N -c a rb o e th o x y -7 -a z a b e n z o b ic y c lo (2 . 2 . l ) h e p ta d ie n e ,  L , in  50 
to  60% y ie ld .  The nmr and m ass s p e c tr a  o f L a re  shown in  f ig u r e s  17 and 
18. The p ro to n  ass ig n m e n ts  i n  th e  nmr o f  L a re  s t r a ig h tfo rw a rd  ( l i s t e d  
in  e x p e rim en ta l s e c t i o n ) . I n  th e  mass spectrum  o f L th e  b a se  peak i s  th e
m o lecu la r io n .  The o n ly  frag m en t io n  g r e a te r  th a n  20% o f  th e  b ase  peak
co rresp o n d s to  lo s s  o f  a c e ty le n e ,  ag a in  due to  a  r e t r o - D ie ls - A ld e r
r e a t io n .  Loss o f  OEt, COgEt and N-COgEt from th e  m o le c u la r  io n  a re
su g g ested  by th e  p re se n c e  o f  m a jo r peaks a t  m/e 170, 142 , and 128, 
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F ig u re  18 . 70 eV mass sp ec tru m  o f  L
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C a ta ly t ic  h y d ro g en a tio n  o f L a f fo rd e d  N -ca rb o e th o x y r7 -a zab en zo - 
b ic y c lo (2 .2 .1 )h e p te n e ,  l I ,  in  n e a r ly  q u a n t i ta t iv e  y i e l d .  ( C a ta ly t ic  
d e u te r a t io n  y ie ld s  L l- e x o , ex o -d ^ > se e  p a r t  I I  o f t h i s  d i s s e r t a t i o n ) .  The 
nmr and mass s p e c t r a  o f  LI a re  shown in  f ig u re s  19 and 20.
The chem ica l s h i f t  a ss ig n m en ts  l i s t e d  in  th e  e x p e rim en ta l s e c t io n  
a r e  c o rro b o ra te d  by r e s u l t s  o f  doub le  resonance  ex p erim en ts  a t  60 MHz : 
Double i r r a d i a t i o n  o f  th e  m u l t ip le t  a t  6 5 .02  (1 ,4  b rid g eh ead  p ro to n s )  
cau ses  p a r t i a l  c o la p se  o f  th e  m u l t ip l e t  a t  6 2 .16  ( th e  exo p ro to n s  a re  
s t i l l  s p l i t  by gem inal and v i c in a l  endo p r o to n s ) . C o n v erse ly , i r r a d i a t i o n  
o f th e  s ig n a l  a t  6 2 .16  cau ses  th e  m u l t ip l e t  a t  ô 4 .07  to  c o l la p s e  to  a 
" s in g le t "  (b road en in g  o f t h i s  reso n an ce  i s  p robab ly  due to  sm all a l l y l i c  
co u p lin g  to  a ro m a tic  p r o to n s ) . The mass spectrum  of LI d is p la y s  th e  
m o lecu la r io n ,  an io n  due to  lo s s  o f e th y le n e  from th e  m o lecu la r io n , and 
an io n  d e r iv e d  from  a M cL afferty  rea rran g em en t. These io n  ass ig n m en ts  a re  
s u b s ta n t ia te d  by exam ining th e  mass sp ec trum  of L l- e x o , ex o -dp ;
•  Ht
67 34 0
F ig u re  19 . 60 MHz nmr sp ec tru m  o f  L I ,  CDCl^» o f f s e t  d o u b le  i r r a d i a t i o n  a t  6 2 .1 5 ,









F ig u re  20 . 70 eV mass spec trum  o f  L I
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N ' C q E t
N - H  
1 1 7
The s y n th e s is  o f  XVII i s  ach iev ed  by t r e a t i n g  LI w ith  a  s l i g h t  
ex cess  o f  LAH in  r e f lu x in g  e th e r  f o r  s e v e r a l  h o u r s .  S ub lim atio n  o f  crude 
p ro d u c t a f f o r d s  XVII a s  a  waxy s o l i d .  The nmr and mass s p e c tra  o f  XVII 
a re  show in  f ig u r e s  21 and 22 .
The nmr spectrum  o f XVII i s  q u i t e  s im i la r  to  XVI. G en era lly  
th e  chem ical s h i f t s  o f  th e  exo , endo and 1 ,4  b rid g e h e a d  p ro to n s  o f 7 -  
azabenzonorbornenes a r e  observed  ab o u t 0 .2  to  0 .5  ppm dow nfield  r e l a t i v e  
to  th e  c o rre sp o n d in g  a b s o rp tio n s  o f  7 -a z a n o rb o rn e n e s . The fo llo w in g  
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C hem ical S h i f t s  in  6 , CDClg S o lu tio n
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,13In  a d d i t io n  to  th e  p ro to n  nmr o f  XVII, we a l s o  o b ta in e d  C nmr.
13
L is te d  below  a r e  th e  carbon chem ical s h i f t s  p lu s  one bond JC -H 
v a lu e s .
Carbon Chem ical S h i f t 'C-H
(ppm dow nfie ld  o f TSM) In  H ertz
1 ,4 67 .4 155, d o u b le t
< 1 1
9
2 ,3 26.7 140, t r i p l e t
11 35.6 135 q u a r te t
6 7 5 ,10  )
) 121 155 t r i p l e t
6 ,9 )
) 126 155 t r i p l e t
7 ,8 )
I t  i s  i n t e r e s t i n g  to  n o te  th a t  in  t h i s  am ine th e  carbon  atom h y b r id iz a t io n  
c o r r e l a t e s  w ith  th e  As has been shown fo r  h y d ro ca rb o n s , i n -L—n
c re a se d  " s "  c h a r a c te r  i s  r e f l e c te d  in  th e  l a r g e r  v a lu e s .  For th e
s e r i e s  C-11, C -2 (3 ) , C -l(4 )  b o th  th e  p re d ic te d  ”s"  c h a r a c te r  and th e  
m agnitude o f  in c re a s e .  P ro x im ity  to  th e  n i t r o g e n  atom , an  e l e c t r o ­
n e g a t iv e  s u b s t i tu e n t  i s  n o t re s p o n s ib le  f o r  th e  observed  o rd e r .  (For 
an example w here th e  e f f e c t  o f a d ja c e n t e le c t ro n e g a t iv e  s u s t i t u t e n t s  c a n ' t  
be n e g le c te d ,  s e e  p a r t  I I I  o f t h i s  d i s s e r t a t i o n  and r e fe re n c e s  c i te d  
t h e r e i n ) .
We have a l s o  o b ta in e d  p ro to n  nmr o f XVII a t  3 0 0 MHz. F ig u re  
23 shows th e  com plete  p ro to n  nmr o f XVII (benzene s o l u t i o n ) . F ig u re s  24 
th rough  26 show expanded p o r t io n s  o f th e  300 MHz nmr a lo n g  w ith  th e  c o r ­
re sp o n d in g  com puter s im u la te d  s p e c tr a  (o b ta in e d  f o r  th e  s ix  s p in  system  
u t l l z i n g  a  SIMEQ/II com puter program)





8 7 6 5 4 3 2

















F ig u re  23 . 300 MHz nmr spectrum  o f  XVII, CUD,.
H- 2.3 endo
10.0 Hz
SIMEQ 1 6 / 1
SIMULATED
SPECTRUM
Figure 24. Partial 300 MHz lunr spectrum of XVII, C^D,,
endo proton region.





line w idth  1.3
SIMEQ 1 6 /n  
SIMULATED 
SPECTRUM
Figure 25. Partial 300 MHz nmr spectrum of XVII, C,D,;
exo proton region.







Figure 26. Partial 300 Mhz nmr spectrum of XVII, C.D,;
bridgehead proton region.
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to  lo s s  o f e th y le n e . The h y p o th e s iz e d  r e t r o - D ie ls - A ld e r  fra g m e n ta tio n  
I s  w e ll  su p p o rted  by exam ining th e  s p e c tr a  o f s e v e r a l  d e u te ra te d  
an a lo g u es  o f  XVII.

















S y n th e s is  o f N -M ethy l-5 -A zabenzob lcyclo - 
(2 .2 .2 )o c te n e  (XIX)
Two schemes f o r  th e  s y n th e s is  o f  XIX w ere  a v a i la b le  to  u s : 
C y c l lz a t lo n  o f  1-m ethylam lno 1 ,2 ,3 ,4  te t ra h y d ro n a p h th le n e -9 -c a rb o x y llc  
ac ld ^ ^ ^  and D le ls -A ld e r  a d d i t io n  o f  N -m e th y l-2 -p y rld o n e  w ith  b enzyne .^^^  
Due to  th e  read y  a v a i l a b i l i t y  o f  s t a r t i n g  m a te r i a l s ,  th e  l a t t e r  scheme 
was u se d . The o v e r a l l  s y n th e s is  o f  N - m e th y l - l ,4 - e th a n o - l ,2 ,3 ,4 - t e t r a -  




2. L A  H
XIX
The s y n th e s is  o f L U  has been d e s c r ib e d  p r e v i o u s l y W e  adop ted  a 
s im i la r  p ro c e d u re , w ith  th e  fo llo w in g  e x c e p tio n : In  S c h e in e n 's  p ro c e d ­
u r e ,  benzyne was g e n e ra te d  from  a n t h r a n i l i c  a c id  and isoam yl n i t r i t e  
( in  s i t u  p re p a ra t io n  o f  b e n z e n e d ia z o n iu m -2 -c a rb o x y la te ) . I n  ou r hands 
t h i s  p ro c e d u re  le d  to  a  p ro d u c t which was alw ays co n tam in a ted  w ith  i s o ­
amyl a lc o h o l .  To av o id  t h i s ,  b en ze n ed iaz o n iu m -2 -ca rb o x y la te  was p r e -
112p a re d  in  a  s e p a ra te  r e a c t io n .  The s a l t  th u s  p re p a re d  was combined 
w ith  an  e q u ilm o la r  amount o f N -m e th y l-2 -p y rid o n e  in  r e f lu x in g  THF.
Our p ro d u c t had p h y s ic a l^ ^ ^  and s p e c tr a l^ ^ ^  d a ta  c o n s i s te n t  w ith  th o se  
f o r  known L I I .  C a ta ly t ic  h y d ro g en a tio n  o f  L I I  a f fo rd e d  L I I I  in  good 
y i e l d .  C onversion  o f  L I I I  to  XIX was e f f e c t e d  in  85-90% y ie ld  by 
r e d u c t io n  o f  L I I I  w ith  l i th iu m  aluminum h y d r id e  in  r e f lu x in g  e t h e r .  The 
co rre sp o n d in g  d e u te ra te d  compounds, L l l - d ^ ,  L l l l - d ^ ,  and XlX-dg w ere 
o b ta in e d  v ia  N -m e th y l-2 -p y rid o n e -d ^ , c a t a l y t i c  d e u te r a t io n  and r e d u c t io n  
w ith  l i th iu m  aluminum d e u te r id e .  The nmr and mass s p e c tr a  o f XIX a r e  
shown in  f ig u r e s  27 and 2 8 . A common f e a tu r e  o f  th e  mass s p e c t r a  o f  
L II  and L I I I  and t h e i r  d e u te ra te d  an a lo g u es  i s  th e  b a se  peak  w hich
72
c o rre sp o n d s  to  lo s s  o f th e  c a rb o n -n i tro g e n  b r id g e  from th e  m o lecu la r io n . 
For XIX and i t s  d e u te ra te d  a n a lo g u e , th e  b ase  peak co rresp o n d s  to  an 
io n  form ed v ia  lo s s  o f th e  e th y le n e  b r id g e ,  fo llo w ed  by lo s s  o f H*(D*) 
to  g iv e  an a ro m a tic  c a t io n .
m
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Figure 28. 70 eV mass spectrum of XIX
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S y n th e s is  o f  N -m e th y l-5 -a z a b lc y c lo (2 .2 .2 )o c te n e  (XVIII)
58The p ro ced u re  o f  M. P . Cava e t  a l . ,  was employed f o r  th e  syn­
t h e s i s  o f X V III. T rea tm en t o f m e th y le n e -b isu re th a n e  w ith  boron  t r i f l u o r i d e  
e th e r a te  g e n e ra te s  th e  N -carboethoxy  Im in e .^^^  T his m a te r ia l  su b se q u en tly  
r e a c t s  w ith  1 ,3  cy c lo h ex ad ien e  to  a f fo rd  th e  D ie ls -A ld e r  a d d u c t. Lithiiom 
aluminum h y d rid e  r e d u c t io n  o f  th e  carbam ate  N -m eth y l-5-a z a b ic y c lo
(2 .2 .2 )o c te n e  in  an  o v e r a l l  y ie ld  o f 25%.
H C = N -C O ,E t  2 2
L A H




R e su lts
As d is c u s s e d  p r e v io u s ly ,  to  d e te rm in e  th e  e q u i l ib r iu m  c o n s ta n ts  fo r  
XVI th ro u g h  XIX, i t  i s  n e c e s s a ry  to  o b serv e  th e  nmr s p e c ta  u nder c o n d it io n s  
o f slow  exchange. An exchange p ro c e ss  i s  s low  r e l a t i v e  to  th e  nmr tim e 
s c a le  when th e  f i r s t  o rd e r  r a t e  c o n s ta n t  a t  c o a le s e n c e , k ^ , i s  ab o u t tw ic e  
th e  freq u en cy  d i f f e r e n c e  o f  th e  exchanging  s i t e s :
w here
A : ^ B  K:=©^Q"Vb)
k = r a t e  c o n s ta n t  c
v . ,v „  a re  th e  Chem ical S h i f t s  
A  D
(/a l/b ' o f  p ro to n s  a t  s i t e s  A and B
S t r i c t l y  sp e a k in g , t h i s  e x p re s s io n  i s  o n ly  a p p l ic a b le  fo r  exchange in  two 
e q u a l ly  p o p u la ted  s i t e s . H o w e v e r ,  com parison  o f  t h i s  ap p ro x im atio n  
w ith  f u l l  l i n e  shape  a n a ly s is ^ ^ ^  s u g g e s ts  t h a t  i t  may be  a  re a so n a b ly  
good ap p ro x im atio n  i f  Av > 2 Hz and i s  betw een 0 .3  and 3 . The a p p ro x i­
m a tio n  i s  e s p e c ia l ly  u s e f u l  when employed i n  th e  c a l c u la t io n  o f f r e e  
e n e r g ie s  o f  a c t i v a t io n ,  Ag’̂ , a t  th e  c o a le se n c e  te m p e ra tu re . G e n e ra lly , th e  
e r r o r  in tro d u c e d  by u s e  o f  t h i s  a p p ro x im a tio n  i s  no w orse th a n  th e  e r r o r  
in h e re n t  in  cu rv e  f i t t i n g  m ethods.
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The f i r s t  compound examined by dynam ic nmr sp e c tro sc o p y  was XVII.
In  CDClg, CCI2F2» change co u ld  be  observed  in  th e  100 MHz
119nmr spec trum  down to  223° K e lv in . However, we su sp e c te d  th a t  t h i s  m ight 
be due to  an a r t i f a c t ,  i . e . ,  a t  100 MHz, th e  r e s o lu t io n  i s  n o t  s u f f i c i e n t  
to  o b se rv e  th e  two s lo w ly  exchanging  in v e r to m e rs . Our s u s p ic io n s  w ere 
confirm ed  upon ex am in a tio n  o f  th e  dynamic nmr spectrum  of X VII-d2 (se e  
f ig u r e  2 9 a ,b ) .  The ab sen ce  o f exo p ro to n s  i n  XVII-dg a llo w s o b se rv a tio n  
of th e  N -m ethyl re so n a n c e s  o f b o th  m ajor and m inor in v e rto m e rs . At c a .
273“ c o a le s e n c e  b ro ad en in g  o f th e  N -m ethyl re so n a n c e  b e g in s .  B roadening 
in c re a s e s  to  abou t 253°, th en  on f u r th e r  c o o lin g  th e  spec trum  sh a rp e n s . At 
233° two d i s t i n c t  s ig n a l s  a re  o b se rv ed , w hich co rresp o n d  to  th e  N -m ethyl 
re so n a n c e s . The l e s s  in te n s e  s i n g l e t  ( 6%) was 21 Hz d ow nfie ld  o f  th e  more 
in te n s e  s i n g l e t  (94%). S im ila r  r e s u l t s  w ere o b ta in e d  fo r  XVII a t  300 MHz. 
Assuming th e  n e t  a n is o tro p y  e f f e c t s  a re  th e  same in  N -m eth y l-7 -azab en zo - 
no rbo rnene  and th e  c a rb o c y c lic  a n a lo g u e s , syn-  and a n t i -7 -m ethy 1-b en zo - 
n o rb o rn en e ,^ ^  a llo w s a  com parison  o f  th e  r e l a t i v e  chem ica l s h i f t s .  The 
more in te n s e  re so n an ce  u p f ie ld  co rresp o n d s  to  XVllb b e in g  th e  more s t a b l e .  
F ig u re  30 shows th e  300 MHz nmr spectrum  o f XVII a t  233°.
K = ' ^ = 1 5 . 7
\
\
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Figure 29a. 60 MHz nmr of XVII-dg, CDCl^
-10+40 -20 -30 -5 0
J l
F ig u re  29b. N-M ethyl reso n an ce  (100 MHz) o f XVII-d^ a t  v a r io u s  te m p e ra tu re s ;  th e  arrow s 
in d i c a te  th e  p o s i t io n  o f th e  N -m ethyl re so n an ce  o f th e  m inor in v e rto m e r.
T*-AOC
OyCHa CH3X'p
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F ig u re  30. 300 MHz nmr spectrum  o f XVII a t  233 K, CDCI^.
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A p p lic a tio n  o f  th e  r a t e  c o n s ta n t  ap p ro x im atio n  u s in g  253“ a s  th e  
c o a le se n c e  te m p era tu re  y ie ld s :
k = 4 7  s e c -1
120T h is  v a lu e  can  be  s u b s t i tu t e d  in to  th e  E y rin g  e q u a tio n  to  o b ta in  th e  
a c t i v a t i o n  e n e rg y , a t  253“
AG = - R T I n
hkg
AG = 1 3  k c a l / m o l e





B o ltzm an 's  C o n stan t 
P lancks C o n stan t 
Gas C onstan t 
R ate C o n stan t 
T em perature in  “K
A lthough  th e  r a t i o  XVIIa/XVIIb i s  f a r  from  u n i ty ,  th e  r e s u l t  o f  AG^=13 
k c a l/m o le  i s  in  good ag reem en t w ith  t h a t  found by G rib b le  and cow orkers^^  
f o r  LIV .
‘N
:
A G = 1 4  k c a l
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Compound LIV i s  more s t r a in e d  th an  i s  XVII due th e  p re se n c e  o f  th e  
a d d i t io n a l  d o u b le  bond. The g r e a te r  s t r a i n  i n  LIV i s  r e f l e c t e d  in  i t s
s l i g h t l y  l a r g e r  a c t iv a t io n  energy  f o r  n i t r o g e n  in v e r s io n ,  ( th e  s h o r te r
2Cg-Cg bond d e c re a se s  a n g le  C^-N-C^, th u s  d e s t a b i l i z in g  th e  sp h y b rid iz e d  
t r a n s i t i o n  s t a t e .
Thermodynamic r e s u l t s  from th e  te m p e ra tu re  d ependen t nmr e x p e r i­
ment w ith  XVll a g re e  w ith  ou r p r e d ic t io n s ;  t h a t  i s ,  in v e rto m er XVlla w ith  
th e  n i t ro g e n  lo n e  p a i r  syn to  th e  ir system  i s  d e s ta b i l i z e d  r e l a t i v e  to  th e  
co rre sp o n d in g  in v e rto m er in  w hich th e  lo n e  p a i r  i s  a n t i  to  th e  tr system . 
We had su g g es ted  th a t  t h i s  m igh t be  due to  b ish o m o a n tia ro m a tic  i n t e r a c t io n  
o f  th e  n i t r o g e n  lo n e  p a i r  e le c t r o n s  o f  in v e rto m er X V lla. O ther f a c to r s  
p e r tu rb in g  th e  e q u i l ib r iu m  p o s i t i o n  a r e  o f  s t e r i c  o r ig i n .  A ty p e  o f  
B - s t r a in  i s  p r e s e n t  in  XVll due to  Van d e r  Waals i n t e r a c t i o n  betw een th e  
exo p ro to n s  and th e  m ethy l group in  X V lla. In  X V llb ,th e  c o rre sp o n d in g  
i n t e r a c t io n  e x i s t s  betw een th e  exo p ro to n s  and th e  n i t r o g e n  lo n e  p a i r
e le c t r o n s .  The r e l a t i v e  im p o rtan ce  o f two opposing  f o r c e s  h a s  been
121term ed "c o n fo rm a tio n a l r i v a l r y . "  To d e te rm in e  th e  r e l a t i v e  im portance
- C H
o f s t e r i c  and e le c t r o n i c  e f f e c t s  (h e re  e l e c t r o n i c  r e f e r s  s p e c i f i c a l l y  to  
a n t ia ro m a tic  d e s t a b i l i z a t i o n  o f  X Vlla) i t  was n e c e ss a ry  to  o b ta in  d a ta  on 
th e  r e l a t i v e  " s i z e "  o f  -CH^, -H , and lo n e  p a i r  e l e c t r o n s .
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122M olecu lar K err c o n s ta n t m easurem ents on N-m ethyl p ip e r id in e
and p ip e r id in e  su g g es ted  th a t  ab o u t eq u a l amounts o f a x ia l  and e q u a to r ia l
N -m ethyl p ip e r id in e  e x is te d  in  n e a t  s o lu t io n .  For p ip e r id in e  i t s e l f ,
K err c o n s ta n ts  in d ic a te d  a lm ost e x c lu s iv e  a x i a l  N-H! The su g g es ted  s t e r i c
o r d e r .  M e-lone pair> H , i n i t i a t e d  a h o t ly  c o n te s te d  d e b a te  w hich c o n tin u e s
123to  t h i s  day . C a lc u la t io n s  based  on Van d e r  W aa l's  r a d i i ,  and quantum
m ech an ica l c o n s i d e r a t i o n s ( l o w e s t  energy  p a th  fo r  approach  o f a  helium
atom to  ammonia i s  a long  th e  a x i s  o f th e  lo n e  p a i r  e le c t ro n s )  y ie ld e d  a
d i f f e r e n t  o rd e r :  Methy1>H> lo n e  p a i r .  Subsequent d ip o le  moment and
m icrowave^^^ s tu d ie s  s t ro n g ly  su p p o r t th e  l a t t e r  o rd e r in g . R e c e n tly , nmr 
125r e s u l t s  b ased  on th e  co u p lin g  c o n s ta n ts  o f  a x i a l  and e q u a to r ia l  a p ro to n s
r e v e r t  su p p o rt back  to  th e  o r ig i n a l  K err c o n s ta n t  o rd e r .  These r e s u l t s
a r e  h ig h ly  s u sp e c t because  th e  p o s s ib le  a n is o tro p y  e f f e c t  o f  th e  lo n e
p a i r  e le c t ro n s  on th e  coup ling  c o n s ta n ts  o f  th e  ot p ro to n s  was co m p le te ly
ig n o re d . The l a t e s t  w ord, w ith  s e v e r a l  s u p p o r tin g  r e f e r e n c e s ,  comes from
126d ip o le  moment s tu d ie s  perform ed by K a tr i tz k y  and cow orkers. T h e ir  r e ­
s u l t s  su p p o rt th e  o rd e r  Me>H> lo n e  p a i r .
For obv ious rea so n s  we so u g h t a  d i r e c t  m easure o f th e  s t e r i c  
c o n t r ib u t io n  to  our observed  e q u il ib r iu m . One method w hich p e r ta in s  to  
c o n fo rm a tio n a l r i v a l r y  between-Me and -H in v o lv e s  th e  exam in a tio n  o f th e
O
nmr spectrum  o f XVII in  a c id ic  m edia . The f r e e  energy  d i f f e r e n c e ,  AG . 
betw een XVIIa and XVIIb i s  th e  r e s u l t  o f a  com bin a tio n  o f f a c t o r s .  We
can th e r e f o r e  w r i te  = A C g ig ^ tro n ic  + ^® °S teric*  ap p ro x im atio n
o f AG“ i s  th a t  o b ta in e d  from th e  e q u ilib r iu m  XVIIa-H^ XVIIB-H^. Of 
c o u rse  when th e  n i t r o g e n  i s  p ro to n a te d  th e r e  can  be  no " e le c t r o n ic "  
component to  th e  f r e e  energy  d i f f e r e n c e .  O b se rv a tio n  o f  th e  nmr spectrum
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o f XVII-H^ o b ta in e d  by a d d i t io n  o f XVII to  20% t r i f l u o r a c e t i c  a c id  (TFA) 
in  CDClg in d ic a te d  an e q u ilib r iu m  c o n s ta n t id e n t i c a l  to  th a t  o f  th e  f r e e  
b a s e . (F ig . 31) R eexam ination o f  th e  spectrum  a f t e r  two weeks s to r a g e  a t  
room te m p e ra tu re  showed no change w h a tso ev er. S im i la r ly ,  a d d i t io n  o f XVll 
to  d i l u t e  HCl s o lu t io n  y ie ld e d  nmr s p e c tr a  o f  p ro to n a te d  XVll w hich w ere 
unchanged w ith  tim e , b u t w ith  a c o n s id e ra b ly  sm all e q u ilib r iu m  c o n s ta n t .
T ab le  IV l i s t s  th e  e q u ilib r iu m  c o n s ta n ts  f o r  XVll and XVll-dg 
under v a r io u s  c o n d i t io n s .  The more s t a b l e  in v e rto m ers  a r e  shown.
We i n i t i a l l y  assumed th a t  b o th  system s w ere a t  e q u i l ib r iu m , and ,
th a t  th e  d i f f e r e n c e s  in  th e  e q u ilib r iu m  c o n s ta n ts  w ere due to  s o lv e n t  
127e f f e c t s .  T h is  assum ption  was l a t e r  c h a llen g e d  by th e  r e s u l t s  o f  a 
r e l a t e d  pH dependent nmr experim en t. The h y d ro c h lo r id e  s a l t  o f  X V ll-d^ 
was p re p a re d  by p a ss in g  HCl gas th ro u g h  a  s o lu t io n  o f  X V ll-d^ in  e th e r .
The p r e c i p i t a t e  which formed was f i l t e r e d ,  d r ie d  in  v acu o , th e n  d i s ­
so lved  in  HgO. The nmr spectrum  o b ta in e d  im m ediately  t h e r e a f t e r  in d ic a te d  
an  e q u il ib r iu m  c o n s ta n t o f  12! The spectrum  g ra d u a l ly  changed over a 
s e v e r a l  hour p e r io d  u n t i l  th e  e q u i lib r iu m  c o n s ta n t eq u aled  1 .7 .  F ig u re  
32 shows th e  N-m ethyl and endo p ro to n  reso n an ce  under fo u r  c o n d i t io n s :  
a) im m ed ia te ly  a f t e r  a d d i t io n  o f X V ll-d^ 'H C l to  H^O (pH ca 5 ) ,  b) same s o lu ­
t i o n  a f t e r  24 h o u rs  a t  room te m p era tu re  , c) X V ll-d^’HCl in  conc . HCl s o lu t io n ,  
d) a f t e r  p re v io u s  s o lu t io n  was made b a s ic  th e n  r e a c id i f i e d  (pH <<l). P a i r s  
o f  d o u b le ts  a r e  observed  in  F ig u re  32c and d becau se  p ro to n  exchange a t  
n i t r o g e n  i s  v e ry  slow  w ith  r e s p e c t  to  th e  nmr tim e s c a le ,  hence s p in  
c o u p lin g  i s  o b serv ed . A t r e l a t i v e l y  h ig h  pH, p ro to n  exchange i s  ra p id  
(F ig u re  32a and b) and no s p in  co u p lin g  i s  ob serv ed .
In  r e t r o s p e c t ,  th e  d i f f e r e n c e  in  observed  e q u il ib r iu m  c o n s ta n ts  






F ig u re  31 . 300 MHz nmr sp ec tru m  o f XVII-h'*', 80% CDC1_; 20% CF-COOH
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TABLE IV
Compound Keg_________-AG° (T) C o n d itio n s
16 .2  1 .3  (-4 0 ° ) CDClg s o lu t io n
17 .1  1 .3 2  (-4 0 ° )
(AĜ  ̂ = 12 k c a l)
CDClg s o lu t io n
+
13 .3  1 .5 3  (25°)
0 .5 1
TFA/CDCl
n o n -e q u il ib r iu m
TFA/CDCI3
e q u il ib r iu m
+
12 .7  1 .5 1  (25°)
1 .7 2  0 .3 2
HCl s o lu t io n  
n o n -e q u il ib r iu m
HCl s o lu t io n  









P a r t i a l  60 MHz, nmr s p e c tr a  o f  p ro to n a te d  X V II-dg:
(a ) n o n -e q u ilib r iu m  c o n d i t io n s ,  f a s t  exchange;
(b) e q u i l ib r a t e d ,  f a s t  exchange; (c ) n o n -e q u ilib r iu m  
c o n d i t io n s ,  slow  exchange; (d) e q u i l ib r a t e d ,  slow  
exchange.
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d is p r o p o r t io n a te  Invertom er p o p u la t io n s  were n o t o b ta in e d  u nder e q u l l lb -
129rlum  c o n d i t io n s .  P ro to n a tio n  o f  a lk y l  am ines I s  a v e ry  r a p id ,  e s s e n -
i
t l a l l y  diffusion c o n tro l le d  r e a c t io n  (6G '~2-3 k c a l  w hich I s  s i g n i f i c a n t l y
low er th a n  AG  ̂ fo r  n it ro g e n  I n v e r s i o n ) . Hence p ro to n a t io n  " t r a p s "
th e  e q u il ib r iu m  m ix tu re  o f  am ines, In  t h i s  case  XVIIa and XVIIb. T h is
I s  n o t th e  same a s  th e  e q u i l ib r iu m  m ix tu re  o f p ro to n a te d  XVII. I f
n i t r o g e n  In v e rs io n  I s  p o s s ib le  su b seq u en t to  p ro to n a t io n ,  th e  o r ig i n a l
m ix tu re  w i l l  e q u i l ib r a t e  to  a  m ix tu re  r e p r e s e n ta t iv e  o f th e  therm odynamic
e q u l l lb l r lu m  XVIIa-H^ — XVIIb-H^.  In  so lv e n ts  l i k e  ex cess  TFA/CDCl^ o r
d ry  H C l/e th e r ,  p ro to n  exchange and hence n it ro g e n  In v e rs io n  I s  v ery  slow .
E q u i l ib r a t io n  under th e s e  c o n d i t io n s  o ccu rs  v e ry  s lo w ly . C o n v erse ly , In
d i l u t e  HCl s o lu t i o n ,e q u i l i b r a t i o n  o c c u rs  r a p id ly .  One o f th e  m ost c r i t i c a l
f a c t o r s  I s  th e  method o f  com bining th e  r e a g e n ts .  For exam ple, a d d i t io n  of
XVII to  TFA/CDClg a f fo rd s  a  m ix tu re  o f  ammonium s a l t s  In  th e  same r a t i o
a s  th e  m ix tu re  o f In v erto m ers  ( f r e e  b a se )  p re s e n t In  s o lu t io n  a t  th e  tim e
o f  quench ing  ( I . e . ,  quenching by TFA/CDCl^ I s  v e ry  ra p id  r e l a t i v e  to
n i t r o g e n  I n v e r s io n ) .
The reaso n  fo r  o b ta in in g  th e  e q u ilib r iu m  c o n s ta n t f o r  
+  +XVIIa-H -— XVIIb-H , was to  p ro v id e  a  model f o r  s t e r i c  e f f e c t s  In  our 
sy stem . The r e l a t i v e  s i z e  o f -CH^ and -H (o r th e  r e l a t i v e  amount o f Van 
d e r  W aals re p u ls io n  betw een -CH^ and -H and th e  exo p ro to n s )  I s  th e  
p r in c i p a l  m o d if ie r  o f  Keq (X V II-H ^). T h is  I s  In  c o n t r a s t  to  th e  d u e l 
f a c t o r s  In f lu e n c in g  th e  e q u il ib r iu m  p o s i t io n  o f  th e  f r e e  b a s e . For
th e  e q u ilib r iu m  XVIIa ^ XVIIb, AGggg = -1 .4 7  k ca l/m o le  (o b ta in e d
from  nmr o f  XVII In  TFA/CDCl^). The f r e e  energy d if f e r e n c e  can  
be c o n s id e re d  to  be composed o f  two p a r t s :  AG° w hich I s  d e f in e d
as  th e  f r e e  energy d if f e r e n c e  due to  b I s hom oantlarom atIc  d e -
89
O
d e s t a b i l i z a t i o n  o f XVIIa r e l a t i v e  to  XVIIb, and AĜ  w hich I s  d e f in e d  a s  
th e  f r e e  energy  d if f e r e n c e  due to  d e s ta b i l i z a t i o n  o f  XVIIa r e s u l t i n g  
from Van d e r  Waals r e p u ls io n  o f  th e  -CH^ by th e  exo p ro to n s . Van d e r 
W aal's  r e p u ls io n  betw een th e  exo p ro to n s  and th e  lo n e  p a i r  e le c t r o n s  In
O
XVIIb, (AGg,), c o n s t i t u t e  a  d e s t a b i l i z a t i o n  o f  XVIIb r e l a t i v e  to  XVIIa.
0 0 
The term s AG^, I s  o p p o s ite  In  e f f e c t  o f  AĜ  and th e r e f o r e  shou ld  be
0 O
o p p o s ite  In  s ig n .  The combined te rm s AG  ̂ -  AG^, c o n s t i t u t e s  th e  f r e e  
energy  d if f e r e n c e  due to  co n fo rm a tio n a l r i v a l r y  betw een -CHg and lo n e  
p a i r  e le c t r o n s .
The model system  exam ined to  d e term ine  th e  s t e r i c  c o n t r ib u t io n
O
to  (XVIIa — ^  XVIIb) I s  th e  f r e e  energy d i f f e r e n c e  betw een
+ +XVIIa-H and XVIIb-H . An Im p o rtan t d i s t i n c t i o n  betw een th e  two I s  th a t  
co n fo rm a tio n a l r i v a l r y  In  th e  l a t t e r  I s  between -CH^ and -H) r a th e r  th an  
-CHg and lo n e  p a i r  a s  In  th e  fo rm er. To I n t e r r e l a t e  th e  two s t e r i c  f r e e  
energy  d i f f e r e n c e s ,  d a ta  such  a s  th e  f r e e  energy  d i f f e r e n c e  due to  con­
fo rm a tio n a l r i v a l r y  betw een -H and lo n e  p a i r  I s  needed b u t u n a v a i la b le  
In  t h i s  system  ( th e  low te m p e ra tu re  nmr spectrum  o f 7 -azan o rb o rn en e  m ight 
have p ro v id ed  some In fo rm a tio n . A la s , th e  spectrum  (100 MHz) was unchanged
O
to  2 0 3 °). N e v e r th e le s s ,  an  ap p rox im ate  v a lu e  o f AG (H vs  lo n e  p a i r )  can
1 'X'i
b e  o b ta in e d  by u se  o f  AG° (LVa - —^ LVb).
4G" = - 0 .3  ± 0 .2  k c a l/m o le
LVa LVb
a lth o u g h  c o n s id e ra b le  c o n tro v e ry  has e x is te d  In  th e  p a s t  o v e r  b o th  th e  
s ig n  and m agnitude o f  AG° (LVa — ^  th e  m ost re c e n t
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r e s u l t s  from s e v e r a l  g roups g e n e ra l ly  a g re e  w ith in  ± 0.2  k c a l/m o le ^ ^ ^ ’^ ^ ^ ’ 
142 145 ^go (LYa —^  LVb) = - 0 .3  k c a l/m o le . Working backw ard, we f i r s t  
r e l a t e  th e  two s t e r i c  c o n fo rm a tio n a l energy d i f f e r e n c e s :
AG“ (M e-vs-lone p a i r )  = AG“ (Me v s  H) -  AG® (H vs lo n e  p a i r )  
o r
AG® (XVIIa — XVIIb) = AG® (X V IIaH ^ XVIIbH’’’) -  AG® (LVa — ^  LVb)
AG® (XVIIa ^  XVIIb) = -0 .5 7  + 0 .3  k ca l/m o le  
AG® (XVIIa ^  XVIIb) = -0 .2 7  k ca l/m o le
Now i f  we s u b t r a c t  th e  s t e r i c  e f f e c t  from (XVIIa -—^ XVIIb) we
o b ta in  th e  f r e e  energy  d i f f e r e n c e  due to  b i s hom oan tiarom atic  i n t e r a c t io n  
AG; = Ag® -  AG®
AG® = -1 .4 7  -  ( -0 .3 7 )
AG® = 1 .2  k ca l/m o le
One k c a l/m o le  d e s t a b i l i z a t i o n  energy  due to  b i s h o m o a n tia ro m a tic ity  seems
sm all when compared to  th e  d e s t a b i l i z a t i o n  energy  due to  a n t ia r o m a t ic i ty .
31For exam ple, B re s lo w 's  e le c tro c h e m ic a l r e s u l t s  su g g es ted  10-15 k c a l/m o le
d e s t a b i l i z a t i o n  o f  cy c lo p ro p en y l c a rb a n io n  sy stem s. N e v e r th e le s s ,  1
k ca l/m o le  f r e e  energy  d i f f e r e n c e  betw een two s t a t e s  c o rre sp o n d s  to  an
e q u ilib r iu m  c o n s ta n t  o f  5 .6 7 . T h is  i s  s i g n i f i c a n t l y  g r e a t e r  th a n  th e
e q u ilib r iu m  c o n s ta n t  f o r  XXVIII -—^  XXVII, w hich was su g g es ted  to  be
36due to  p u re ly  s t e r i c  e f f e c t s .
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D ata o b ta in e d  on N-methy1 -7 -aza n o rb o rn e n e  gave q u a l i t a t i v e l y  
th e  same r e s u l t s .  E xam ination  o f th e  100 MHz nmr s p e c t r a  o f XVI shows 
th e  e f f e c t s  o f  c o a le sc e n c e  b ro ad en in g  on th e  o l e f i n i c  p ro to n  reso n an ce  
a t  308*. Low ering th e  te m p e ra tu re  o n ly  15* re a c h e s  th e  c o a le sc e n c e  
te m p e ra tu re . F u r th e r  c o o lin g  to  253* a llo w s  o b s e rv a tio n  o f two sh arp  
t r i p l e t s  (F ig u re  3 3 ).
The m ajo r in v e rto m e r, XVIb, r e p r e s e n ts  o n ly  86% o f th e  m ix tu re , 
co rresp o n d in g  to  a  f r e e  energy  d i f f e r e n c e  o f  AG* = -0 .9 1 3  k c a l/m o l. The 
sm a lle r  f r e e  energy  d if f e r e n c e  in  XVI, r e l a t i v e  to  XVII, i s  n o t e a s i l y  
u n d e rs to o d . P ro b ab ly  s u b t le  changes in  th e  geom etry on s h o r te n in g  th e  
Cg-Cg bond a r e  r e s p o n s ib le .  One e f f e c t  o f  s h o r te n in g  t h i s  bond i s  a de­
c re a se  in  a n g le ,  C^-N-C^, w hich i s  c e r t a i n l y  r e f l e c t e d  in  th e  h ig h e r  
co a le scen ce  te m p e ra tu re  and hence l a r g e r  in v e rs io n  a c t iv a t io n  en e rg y .
The d i f f e r i n g  c o a le sc e n c e  te m p e ra tu re s  o f  th e  o l e f i n i c  and b rid g eh e ad  
p ro to n s  a llo w s  c a l c u la t io n  o f  AG' a t  two te m p e ra tu re s .  T h is  in  tu rn  
p e rm its  c a l c u la t io n  o f  th e  e n th a la p y  and en tro p y  o f  a c t i v a t io n .  The 
te m p era tu re  dependent p a ra m e te rs  f o r  th e  a fo rem en tio n ed  c a l c u la t io n s  
a r e  l i s t e d  below .
+20 4 5+ 3 0 + 2 5
-2 0-10
F ig u re  33. P a r t i a l  100 MHz nmr s p e c tr a  o f  o l e f i n i c  p ro to n s  a t  v a r io u s  te m p e ra tu re s
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C oalescence  te m p e ra tu re  
Av
r a t e  c o n s ta n t ,  k
a c t iv a t io n  e n e rg y , AG
o le f i n i c  
295 
26 Hz 
58 sec  ^
14 .9  k c a l/m o le
b rid g eh ead  
263 
10 Hz 
22 s e c ' l  
13.7  k c a l/m o le
When th e  a c t i v a t io n  energy  AG' i s  known a t  two te m p e ra tu re s , s u b s t i t u t i o n  
in to  th e  e q u a tio n  r e l a t i n g  f r e e  en erg y , e n th a la p y , and en tro p y  g iv e s  two 
e q u a tio n s  and two unknowns. S im ultaneous s o l tu io n  o f  th e  two e q u a t io n s ,  
(AGj = AH  ̂ -  TAS^) y ie ld s  th e  v a lu e s  AĤ  ̂ = 1 4 .3  and AS^ = -0 .0 0 2 2 . 
A lthough th e s e  v a lu e s  w ere c a lc u la te d  from app rox im ate  r a t e  c o n s ta n t s ,  
th ey  ap p ea r re a s o n a b le .  The v e ry  sm a ll e n tro p y  o f  a c t iv a t io n  (AS^ = 0 
w ith in  e x p e rim e n ta l e r r o r )  i s  c o n s is te n t  w ith  th e  th e o r e t i c a l  v a lu e  o f  0 . 
( f o r  n i t r o g e n  in v e r s io n ,  th e  t r a n s i t i o n  s t a t e  has th e  same number o f  
symmetry e lem en ts  a s  th e  r e a c t a n t 's  number o f  symmetry e lem en ts; h en ce , 
t h e o r e t i c a l  en tro p y  d i f f e r e n c e  i s R  In  (# in  T r a n s i t io n  s t a t e / #  in  
r e a c ta n t )  = R In  1 = 0
The a c t iv a t io n  e n e rg ie s  o b ta in e d  f o r  XVI appear somewhat la r g e  
when compared to  th e  a c t iv a t io n  energy  o f  LVI and
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XVI
1 4 . 9
LVI!
11 k ca l
The a c tu a l  v a lu e  o f  th e  a c t iv a t io n  energy  i s  p ro b ab ly  betw een n  and 15 
k c a l/m o l, o r  v e ry  n ea r t h a t  o f  XVII.
Â s im p le  sum m arization  o f th e  d a ta  o b ta in e d  f o r  XVI and XVII i s  
seen  in  th e  energy  v e rsu s  r e a c t io n  p l o t s .
/Is
AG in k c a l  





A ttem pted  dynamic nmr experim en ts  w ith  N -m ethy l-8-a z a b ic y c lo -
[2 .2 .2 ] o c te n e ,  X V III, and N -m e th y l-8 -a z a b e n z o b ic y c lo [2 .2 .2 ]o c te n e , XIX, 
a f fo rd e d  d is a p p o in t in g  r e s u l t s .  S e v e ra l 100 MHz nmr s p e c tr a  f o r  XVIII 
and XIX w ere o b ta in e d  from 308* to  136*. Compound XIX was examined a t  
300 MHz from  308* to  223*. No ev idence  o f  c o a le sc e n c e  cou ld  be observed  
in  e i t h e r  c a s e .  The com plex ity  o f  th e  s p e c t r a  was g r e a t ly  s im p l i f ie d ,  
a t  l e a s t  f o r  XIX, by p r e p a ra t io n  o f  X lX-dg, by th e  method o u t l in e d  below .
2. L A D
The spectrum  o f  XlX-dg shows o n ly  th e  N-CHg s i n g l e t ,  in  a d d i t io n  to  th e  
a ro m a tic  p ro to n  re s o n a n c e ) . (See F ig u re  34) E xam ination  o f th e  100 MHz 
nmr s p e c t r a  o f  XlX-dg from +35 to  -137® s t i l l  showed no change w h a tso ev er. 
We th e n  made an a t te m p t to  o b ta in  in fo rm a tio n  on th e  in v e rs io n  é q u i l ib r a  
em ploying pH dependen t n m r.^^ ^ ’^^^ T h is  te c h n iq u e  r e l i e s  on th e  f a c t  
th a t  in te r c o n v e r s io n  o f  a p a i r  o f p ro to n a te d  am ines r e q u ir e s  th e  i n t e r ­
m ediacy o f  th e  f r e e  b a se :
> -M >
rm
F ig u re  34. 60 MHz nmr spectrum  o f X lX-d^, CDC1„o J
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w here; and a re  a c id  d i s s o c ia t io n  c o n s ta n ts
k , and k , a r e  fo rw ard  and r e v e r s e  r a t e  c o n s ta n ts  f o r  n i t r o g e n  
1 —i
in v e rs io n
The o v e r a l l  r e a c t io n  r a t e  can  b e  o b ta in e d  by m easuring  th e  amount o f  l i n e  
b roaden ing  (AWj) a s  a  fu n c tio n  o f  pH ( l i n e  b ro ad en in g  o ccu rs  when th e  p ro ­
to n  exchange r a t e  i s  o f  th e  same o rd e r  o f  m agnitude as th e  freq u en cy  d i f -
t
fe re n c e  o f  th e  exchang ine  s i t e s  (F ig u re  3 5 ) . When = K^, th e  s lo p e  o f 
th e  l i n e  o b ta in e d  by p l o t t i n g  AŴ  v s .  1/pH i s  p ro p o r t io n a l  to  th e  r a t e  
c o n s ta n t k^ (o r  k ^ ) . The r a t i o  o f  s lo p e s  k^ and k^ i s  e q u a l to  th e  e q u i­
lib r iu m  c o n s ta n t .  T h is  a p p a re n tly  i s  n o t v a l id  when K^. I m p l ic i t  in
th e  e q u a l i ty  i s  th e  f a c t  ( f r e e  b ase ) eq u a ls  (p ro to n a te d
am in e). T h is  i s  n o t t r u e  fo r  th e  am ines we examined (XVII th ro u g h  XIX). 
N e v e rth e le s s  we p rep a red  p lo t s  o f  l i n e  b ro ad en in g  v e rs u s  1/pH (F ig u re  36) 
and found t h a t  th e  r a t i o  o f  s lo p e s  was n o t  eq u a l to  F a i lu r e  o f  b o th
te m p era tu re  and pH dependen t nmr m ethods r e s t r i c t e d  th e  amount o f  i n f o r ­
m a tio n  o b ta in a b le  fo r  compounds XVIII and XIX. The e q u il ib r iu m  c o n s ta n ts
w ere o b ta in e d  from th e  nmr s p e c t r a  o f  XVIII and XIX in  t r i f l u o r o a c e t i c
a c id  s o lu t io n .  For exam ple. F ig u re  37 shows th e  nmr spec trum  o f XIX in  
20% TFA/CDClg. Because p ro to n a t io n  i s  f a s t  w ith  re s p e c t  to  n i t r o g e n  in ­
v e r s io n ,  th e  r a t i o s  o f  th e  two p ro to n a te d  in v e rto m ers  o b served  in  F ig u re  
37 i s  th e  same as  th e  r a t i o  o f  th e  two in v e rto m e rs  p re s e n t  in  th e  f r e e  
b a se . H ence, t h i s  r a t i o  co rre sp o n d s  to  th e  e q u ilib r iu m  c o n s ta n t  f o r  
n i t ro g e n  in v e rs io n  (XlXa ^ XlXb, T ab le  V ). From F ig u re  37 we s e e  th e  
N -m ethyl re so n an ce  o f  th e  m ajor component o f  th e  m ix tu re  a s  u p f ie ld  o f  th e  
m inor com ponent. In  b ic y c lo ( 2 .2 .2 ) o c te n e s ,  ( s e e  T ab le  I )  th e  m ethy l 
group u p f ie ld  i s  syn to  th e  ir-sy stem . Assuming th e  n e t  a n is o tro p y




F ig u re  35. P a r t i a l  60 MHz nmr s p e c tr a  (N-methyl reso n an ce) a s  a fu n c tio n  
o f th e  pH





T ab le  V
K = 32
-AG° = 2 .04  k c a l/m o le
K = 19
-AG“ = 1 .7 5  k c a l/m o le
K = 3
-AG* = 0 .65  k c a l/m o le
X V II  I b44^ -AG* = 0 .6 5  k c a l/m o le
(H )
si one =0.11 5 ____
 ---------  y J n te r c e p t= .3  5 7
a n t i
s lo p e= 0.127  —
y-i nte  r  ce p t=0.15 5
;̂ =1.0 8 .K
0.1
OJ





a n t is y n




F ig u re  37. 300 MHz nmr sp ec tru m  o f  XIX-H 80% CDClg: 20% CF̂ CÔ H
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e f f e c t s  a r e  th e  same in  our a z a b ic y c lo [2 .2 .2 ] c c te n e s  and th e  co rre sp o n d in g  
c a rb o c y c lic  a n a lo g u e s , XlXa i s  th e  m inor in v e rto m er (T ab le  V ), c o n tra ry  
to  ou r p r e d ic t io n s  based  s o le ly  upon c o n s id e r a t io n  o f e l e c t r o n i c  e f f e c t s .  
To o b ta in  th e  t r u e  e q u ilib r iu m  c o n s ta n t  f o r  (xlXaH — ^  XIXbH ) ,  th e  nmr 
s p e c tr a  w ere re c o rd e d  under c o n d i t io n s  w hich a llo w  e q u i l i b r a t i o n  (T ab le 
V ). T h is  was accom plished  by a d d i t io n  o f  l e s s  th a n  one e q u iv a le n t  t r i ­
f lu o r o a c e t ic  a c id  (TFA) to  th e  am ine. Ten m in u tes  l a t e r  enough TFA and 
CDClg was added to  make a 20% TFA in  CDCl^ s o lu t io n .  The ex ce ss  b a se  
p re s e n t  d u rin g  th e  te n  m inu te  p e r io d  c a ta ly z e s  p ro to n  exchange and h ence , 
e q u i l ib r a t io n .
Assuming th e  a p r i o r i  nmr ass ig n m en t a re  c o r r e c t ,  i t  ap p ea rs  
th a t  in  th e  a z a b ic y c lo [2 .2 .2 ]o c te n e s  s t e r i c  e f f e c t s  c o m p le te ly  dom inate 
th e  d i r e c t io n  o f  n i t ro g e n  in v e r s io n  e q u i l ib r iu m . The e f f e c t  o f  homo- 
a l l y l i c  re so n an ce  i s  v a n ish in g ly  sm a ll w ith  r e s p e c t  to  th e  e f f e c t  o f 
Ven d e r W aals r e p u ls io n  betw een th e  exo p ro to n s  and th e  N -m ethyl m o ie ty .
C o n d itio n s  o f  slow  exchange in  th e  nmr s p e c tr a  o f  XVIII and XIX 
could  n o t be a t t a i n e d .  N e v e r th e le s s ,  th e  e q u ilib r iu m  c o n s ta n ts  fo r  XVIII 
and XIX w ere o b ta in e d  by ex am in a tio n  o f  th e  nmr s p e c ta  in  t r i f l u o r o a c e t i c  
a c id .  By v a ry in g  th e  method o f nmr sam ple p r e p a ra t io n ,  e q u i l ib r iu m  con­
s ta n t s  r e p r e s e n ta t iv e  o f th e  f r e e  b a se  and i t s  c o n ju g a te  a c id  w ere 
o b ta in e d  (T ab le  V ). In  th e  a z a b ic y c lo [2 .2 .2 ]o c te n e s ,  th e  prodom inant 
in v e rto m er was XVIIIb (X lX b), c o n t ra ry  to  our p r e d ic t io n s .  The r e s u l t s  
i n d ic a te  th a t  s t e r i c  e f f e c t s  (Van d e r  W aa l's  r e p u ls io n  o f  N-CH^ by th e  
exo hydrogens) co m p le te ly  dom inate th e  e q u ilib r iu m  p o s i t i o n  in  
XVIIIa ^  XVIIIb and XlXa -—^ XlXb r e l a t i v e  to  any s t a b i l i z a t i o n  to  be  
g ained  from h o m o a lly lic  c o n ju g a tio n .
103
Summary
In  t h i s  s e c t io n  we have su g g es ted  model system s w hich we hoped 
would a llo w  o b s e rv a tio n  o f  th e  d e s ta b i l i z in g  e f f e c t s  o f  b is h om oantiarom at- 
i c i t y ,  r e l a t i v e  to  th e  s t a b i l i z i n g  e f f e c t s  o f  h o m o a lly lic  c o n ju g a tio n . 
A c co rd in g ly , compounds XVI-XIX w ere p rep a red  by s t r a ig h tf o r w a r d  methods 
in v o lv in g  an  i n i t i a l  D ie ls -A ld e r  r e a c t io n  ( a ls o  p re p a re d  was th e  p re ­
v io u s ly  unknown 7 -a z a b ic y c lo (2 .2 .1 )h e p t-2 - e n e ,  XLIX).
Both k in e t i c  and thermodynamic p r o p e r t i e s  o f  XVI and XVII w ere 
o b ta in e d  v i a  te m p e ra tu re  dependen t nmr e x p e rim e n ts . R e su lts  o b ta in e d  fo r  
th e s e  two compounds w ere in  agreem ent w ith  o u t p r e d ic t io n s ,  assum ing our 
nmr ass ig n m e n ts  a r e  c o r r e c t . The r e s u l t s  in d ic a te d  th a t  XVIa and XVIIa 
(T ab le  IV) w ere th e  minor_ components o f  t h e i r  r e s p e c t iv e  m ix tu re s . T his 
we su g g e s te d  was due to  b is h om oan tiarom atic  d e s t a b i l i z a t i o n  o f  XVIa 
(X V IIa ). We su b se q u e n tly  found th a t  s t e r i c  e f f e c t s  a l s o  c o n t r ib u te  to  th e  
observed  c o n fro m a tio n a l b i a s .  To s e p a ra te  th e  s t e r i c  and e le c t r o n ic  
f a c t o r s ,  an  ap p rox im ate  n u m e rica l m ethod was em ployed. The r e s u l t s  o f 
t h i s  t r e a tm e n t su g g e s t £ a .  1 k c a l/m o le  d e s t a b i l i z a t i o n  due to  bishomo­
a n t ia r o m a t ic i ty  .
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E x perim en ta l
A ll m e ltin g  p o in ts  were o b ta in e d  on a  Thomas-Hoover U nim elt c a p i l ­
l a r y  m e ltin g  p o in t  a p p a ra tu s  and a r e  u n c o r re c te d . I n f r a r e d  s p e c tr a  w ere 
o b ta in e d  on a  Beckman IR-8 in f r a r e d  sp e c tro m e te r . Mass s p e c t r a  w ere 
o b ta in ed  on a H ita c h i-P e rk in  Elmer RMU-7E mass sp e c tro m e te r  o p e ra te d  a t  
70 eV. For compounds XLVII, XLVIII, XLIX, and XVI, th e  f i la m e n t  chamber 
was coo led  to  room te m p e ra tu re . P ro fe s s o r  Marc A n teu n iu s, L abora to rium  
v oor O rgan ishche Chemie, R i j k s u n i v e r s i t e i t  Gent (Belgium) p ro v id ed  300 
MHz nmr s p e c t r a .  The 60 and 100 MHz nmr s p e c tr a  w ere o b ta in e d  on V arian  
T-60 and XL-100 sp e c tro m e te rs , r e s p e c t iv e ly .  Gas chrom atography work was 
done on a  V arian  90-P gas chrom atograph .
A ttem pted A cy lo in  C ondensation  o f  N-M ethyl o r  N -B en zy l-C is-2 , 5 -D ica rb o - 
152e th o x y -P y r ro lid in e  
Method (A)
Sodium (6 g , 0 .2 6  m oles) was c u t in  sm a ll cubes and added to  d ry  to lu e n e  
(300 m l) . T h is  was h ea ted  to  r e f lu x  w ith  ra p id  s t i r r i n g  u n t i l  th e  sodium 
was f in e ly  d is p e r s e d .  W hile m a in ta in in g  th e  te m p era tu re  a t  8 0 -8 5 ° , th e  
d i e s t e r  (5 g , 0 .2 2  m oles) and ClSi(CHg)g (15 ml) w ere added s im u lta n e o u sly  
th ro u g h  s e p a ra te  d ro p p in g  fu n n e ls .  A f te r  3 h rs  th e  r e a c t io n  was quenched 
w ith  c a u t io u s  a d d i t io n  o f d i l u t e  h y d ro c h lo r ic  a c id .  The aqueous la y e r  was 
made b a s ic  w ith  sodium c a rb o n a te  th e n  e x tra c te d  w ith  e th e r  (500 m l) . Only 
b la c k  po lym eric  t a r  was o b ta in ed  on rem oval o f  s o lv e n t .
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Method (B)
In  250 m l, to lu e n e  under N^, sodium (1 .5  g , 0 .065  m oles) and p o ta ss iu m  
( 7 .5  g) w ere h e a te d  u n t i l  th e  m olten  a l lo y  form ed. The f l a s k  was co o led  
to  0® w hereupon th e  d i e s t e r  (3 g , 0 .013 m oles) and ClSi(CHg)g (10 ml) w ere 
added o v er a  te n -m in u te  p e r io d .  D uring a d d i t io n  th e  c o lo r  o f  th e  s o lu t io n  
w ent from  l i g h t  g reen  to  b la c k .  Workup as  above a g a in  y ie ld e d  o n ly  b la c k  
t a r r y  m a te r ia l .
Method (C)
N itro g e n  gas was bubb led  th ro u g h  a s o lu t io n  o f  n a p h th a le n e  (27 g , 0 .2 1  
m oles) in  d ry  THF (500 m l) f o r  te n  m in u te s . W ith r a p id  s t i r r i n g ,  sodium 
(4 .6  g , 0 .2  m oles) was added r a p id ly  to  th e  s o lu t io n .  To t h i s  r e s u l t i n g  
d a rk  g reen  s o lu t io n ,  d i e s t e r  (6 .2 5  g , 0 .0 2  m oles) was added. W ith in  te n  
m in u tes  th e  s o lu t io n  tu rn e d  d ark  brown. Then, on a d d i t io n  o f  ClSi(GHg)g 
(10m l) th e  s o lu t io n  s lo w ly  tu rn e d  l i g h t  o ra n g e . Workup as  above 
in d ic a te d  none o f th e  d e s i r e d  p ro d u c t.
Method (D)
In  a  f l a s k  f i t t e d  w ith  N^ l i n e ,  d ry  ic e  co n d en ser and d ro p p in g  fu n n e l was 
p la c e d  anhydrous ammonia (150 ml) and sodium  (0 .9 7  g , 0 .042  m o le s ) . An 
e th e r  s o lu t io n  (15 ml) o f  d i e s t e r  (2 .4  g , 0 .0 1  m oles) was added to  th e  
r e f lu x in g  ammonia. W ith in  one hour t i c  in d ic a te d  th e  abcence  o f  s t a r t i n g  
m a te r i a l .  E th e r  (50 ml) was added and th e  co n d en se r rem oved, a llo w in g  th e  
ammonia to  e v a p o ra te . Q uenching w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  n e u t r a l i ­
z a t io n  w ith  sodium c a rb o n a te  , and s e p a r a t io n  o f  th e  e th e r  y ie ld e d  o n ly  
t r a c e s  o f  o rg a n ic  m a te r i a l .  C ontinuous l i q u i d - l i q u i d  e x t r a c t io n  o f  th e  
aqueous phase  w ith  e th e r  l ik e w is e  y ie ld e d  o n ly  t r a c e s  o f  o rg a n ic  m a te r ia l ,  
none o f  w hich was th e  d e s i r e d  a c y lo in .
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N -B eazy lp y rro le  
Method (A)
The method o f  T u ite  and Snyder'^"'"’ was em ployed: 2 ,5 -D im e th o x y - te tra h y d ro -
fu ra n  ( 66 g , 0 .5  m oles) p lu s  b e n z y l amine (54 g , 0 .5  m oles) w ere added 
to  g l a c i a l  a c e t i c  a c id  (100 m l) and h e a te d  to  r e f lu x .  A f te r  one hou r th e  
a c e t i c  a c id  was removed by d i s t i l l a t i o n  a t  25 t o r r .  ( a s p i r a t o r  vacuum) 
D i s t i l l a t i o n  o f  th e  rem ainder a f fo rd e d  a  51% y ie ld  o f  N -b e n z y lp y rro le  
(4 0 .1  g) b .p .  66-68® (0 .3 5  t o r r ) .
Method (B)
T h is  p r e p a r a t io n  i s  s im i la r  to  b u t s im p le r  th a n  th a t  o f C. F . Hobbs e t  a l .  
A t o t a l  o f  25 g NaH (1 .1  m ole) in  5 g p o r t io n s  was added to  DMSO (300 m l) ,
fo rm ing  a  g ray  d is p e r s io n .  A d d itio n  o f  p y r ro le  (67 g , 1 .0  m ole ) r e q u ir e d
1 .5  h o u rs .  Subsequent a d d i to n  o f  b en zy l c h lo r id e  (127 g , 1 m ole) o v er a
3 h o u r p e r io d  was exo therm ic  ( th e  d i s t i n c t  odo r o f  b en zy l p y r ro le  was
a p p a re n t a lm o st im m e d ia te ly ) . T h is  m ix tu re  was s t i r r e d  fo r  an  a d d i t io n a l
2 h o u rs  a t  room te m p e ra tu re , th e n  d i lu te d  w ith  an  e q u a l volume o f  HgO.
T h is  was e x t r a c te d  w ith  e th e r  (3  x 400 m l) , w hich was back  e x t r a c te d  w ith
HgO (500 m l) . The o rg a n ic  p h ase  was d r ie d  o v er sodium  s u l f a t e  fo llo w ed
by rem oval o f  s o lv e n t  on a  r o t a r y  e v a p o ra to r .  D i s t i l l a t i o n  a t  66®-69®
(0 .3 5 )  t o r r  a f fo rd e d  119 g N -benzy l p y r ro le  (75% y i e l d ) .
154
N -B en zy l-7 -A zab icy c lo (2 . 2 . l ) h e p t a - 2 , 5 -d ie n e -2 , 3 -D ic a rb o x y lic  Acid (XL)
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s i-B z
C O Q H
The m ethod o f  S h a f i 'e e &  H i te  was em ployed. 
R apid a d d i t io n  o f  N -benzy l p y r r o le  (75 g , 0 .4 8  
m oles) to  a c e ty le n e d ic a rb o x y l ic  acid^^^  (5 4 .5  g .
0 .4 8  m oles) in  r e f lu x in g  e t h e r  (500 ml) tu rn e d
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th e  c o lo r l e s s  s o lu t io n  to  y e llo w  w ith in  one h o u r. A f te r  24 h o u rs  th e  
s o lu t io n  (o ran g e) was f i l t e r e d .  The f i l t r a t e  was re tu rn e d  to  th e  r e a c t io n  
f l a s k  and r e f lu x e d  f o r  an  a d d i t io n a l  5 d a y s , th e n  r e f i l t e r e d .  The combined 
p r e c i p i t a t e s  w ere washed r e p e a te d ly  w ith  h o t ace to n e  u n t i l  a c o lo r l e s s  
p ro d u c t was o b ta in e d  (23 g , 18% y ie ld )  m .p . 210-212° ( l i t .  210-212° ’ )
E le v a tio n  o f  th e  m e ltin g  p o in t  ( to  211-213°) i s  accom plished  by r e c r y s t a l ­
l i z a t i o n  from  b o i l in g  w a te r ;  how ever, t h i s  was n o t n e c e ssa ry  f o r  our 
p u rp o ses  (and r e c r y s t a l l i z a t i o n  low ered th e  o v e r a l l  y i e l d ) .
N -C a rb o e th o x y -7 -A z a b lc y c lo (2 .2 .1 )h e p ta n e -2 , 3 -e n d o -D ica rb o x y lic  A cid 
A nhydride (XLIV).
Compound XL (10 g , 36 .9  mmoles) was d is s o lv e d  in  
10% aqueous sodium c a rb o n a te  (100 m l) . The r e ­
s u l t i n g  s o lu t io n  was hydrogenated  o v er 10% 
p a lla d iu m  on c h a rc o a l  a t  45 pounds Hg p r e s s u r e .
A f te r  a b s o rp tio n  o f  3 e q u iv a le n ts  o f  hydrogen , 
th e  c a t a l y s t  was removed by f i l t r a t i o n .  To th e  f i l t r a t e  c o n ta in in g  th e
h y d ro g e n a tio n  p ro d u c t was added ex ce ss  e th y l  c h lo ro fo rm a te , and th e  r e s u l t ­
in g  s o lu t io n  was s t i r r e d  o v e rn ig h t a t  room te m p e ra tu re . The s o lu t io n  was 
th en  a c i d i f i e d  w ith  h y d ro c h lo r ic  a c id  and e x t ra c te d  w ith  ch lo ro fo rm  (3 x 
75 m l) .  The combined ch lo ro fo rm  e x t r a c t s  w ere d r ie d  o v er sodium s u l f a t e ,  
f i l t e r e d ,  and c o n c e n tr a te d ,  a f fo rd in g  X L III as  an o d o r le s s  sy ru p  (8 .2  g , 
86% ) .  T h is  d ia c id  was c h a ra c te r iz e d  a s  th e  a n h y d rid e , XLIV, w hich cou ld  
be o b ta in e d  v ia  su b lim a tio n  o f  sy rupy  X L III a t  110° (0 .1  t o r r ) .  T h is 
p ro c e d u re  a f fo rd e d  XLIV (5 .8  g , 76%), w hich r e c r y s t a l l i z e d  from  e th e r -  
hexane to  a f f o r d  c o l o r l e s s  c r y s t a l s ,  mp 1 1 1 .5 -1 1 2 .8 ° .
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60 MHz nm r, (CDClg): 6 1 .3 0  ( t r i p l e t ,  J=6 Hz, 3H, -OCH^CH^), 6 1 .6 1 -2 .1
(com plex m u l t i p l e t ,  4H, 5 ,6 - exo and endo r in g  p ro to n s ) ,  6 3 .73  ( m u l t ip l e t ,  
2H, 2 ,3 -ex o  r in g  p r o to n s ) ,  6 4 .15  ( q u a r t e t ,  J=6 Hz, 2H, -OCH^gCH^), 6 4 .7 0  
( m u l t ip l e t ,  2H, 1 ,4 - (b rid g eh e ad ) p ro to n s )  s e e  f ig u r e  5.
70 eV mass spectrum : m /e 239 (m o lecu la r i o n ) ,  141 (b ase  p e a k ) , 140, 139,
122, 68. ( s e e  f ig u r e  6)
IR (KBr p e l l e t ) ,  cm"^: 2980 (w, C-H), 1860 and 1785 ( s ,  C=0 s t r e c h  o f
c y c l ic  a n h y d r id e ) , 1690 ( s ,  C=0 s t r e c h  o f c a rb a m a te ) , 900 ( s ,  C-0 s t r e c h
o f  c y c l ic  a n h y d r id e ) .
A n a ly s is  f o r  NO^: C a lc u la te d  C 5 5 .2 3 , H 5 .4 8 , Found, C 5 5 .3 0 ,
H 5 .3 5 .
N -T o lu e n e su lfo n y l-7 -A z a b ic y c lo (2 .2 .1 ) h e p ta n e -2 , 3 -e n d o -D ic a rb o x y lic  A cid 
A nhydride (XLVI).
T h is  was p re p a re d  in  th e  same fa s h io n  a s  was XLIV.
N - 'T s
H y d ro g en a tio n -h y d ro g en o ly is  o f  XL (10 g , 36 .9  
^  mmoles) fo llow ed  by tre a tm e n t o f  th e  r e s u l t i n g
O' s o lu t io n  w ith  ex ce ss  p - to lu e n e s u lfo n y l  c h lo r id e
and workup a s  above a f f o r d s  XLV (1 2 .0  g ,  95.9%)
as  a  gummy m a te r ia l .
60 MHz nmr, C^D^N: 6 1 .5 3 -2 .5 0  ( m u l t ip l e t ,  4H, 5 .6 -exo and endo r in g
p r o to n s ) ,  6 2 .3  ( s i n g l e t ,  3H, ArCH^), 5 3 .9 0  ( m u l t ip le t ,  2H, 2 ,3 -e x o  r in g  
p r o to n s ) ,  6 4 .7 0  ( m u l t ip l e t ,  2H, 1 ,4 - (b rid g eh e ad ) p ro to n s ) ,  6 5 .50  
( s i n g l e t ,  2H -CO^H), 6 7 .6 3  (AB q u a r te t ,  4H, J ^ = 8  Hz, a r y l  r in g  p ro to n s )  
se e  f ig u r e  7. The d ia c id  i s  e a s i l y  c o n v e rte d  to  th e  co rre sp o n d in g  an­
h y d r id e  (XLVI) by s u b lim a tio n  a t  150° (0 .0 5  t o r r )  y ie ld  1 0 .0  g ,  84.4%. 
R e c r y s ta l l i z a t i o n  from a c e to n e  a f fo rd s  sm a ll c o lo r l e s s  c r y s t a l s ,  mp 
230-232°.
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IR (KBr p e l l e t ) ,  cm"^: 3070 (w , =C-H), 2980 (w , C-H), 1865 and 1785
( s ,  C=0 o f  a n h y d r id e ) , 1375 and 1140 ( s h , S -0) 1590 ( m, C=C), 905 
o f  a n h y d r id e ) .
70 eV mass sp ec trum : m /e 321 (m o lecu la r io n ) ,  223, 166, 155, 122, 91, 68
(b ase  peak) s e e  f ig u r e  8.
A n a ly s is  f o r  C a lc u la te d , C 5 6 .0 6 , H 4 .7 0 ; Found, C 5 6 .1 6 ,
H 4 .9 2 .
H -C a rb o e th o x y -7 -A z a b ic y c lo (2 .2 .1 )h e p t-2 -e n e  (XLVII).
Compound X L III (5 .0  g , 19 .5  mmoles) was d is s o lv e d  
in  an e l e c t r o l y s i s  s o lu t io n  w hich c o n s is te d  o f 
w a te r  (20 ml) t r ie th y la m in e  (2 .5  ml) and p y r id in e  
(175 m l) . A d i r e c t  c u r re n t  (80 v , i n i t i a l  
c u r r e n t  350 ma, P t  w ire  e le c tro d e s )  was p assed  
th rough  t h i s  s o lu t io n  f o r  15 h r  w h ile  th e  s o lu t io n  was m a in ta in e d  a t  20“ 
v ia  e x te r n a l  c o o l in g . At th e  c o n c lu s io n  o f  th e  e l e c t r o l y s i s ,  th e  c u r r e n t  
had dropped to  40 mamps. The s o lu t io n  was th e n  quenched w ith  d i l u t e  aqueous 
h y d ro c h lo r ic  a c id ,  and th e  r e s u l t in g  s o lu t io n  was e x t ra c te d  w ith  d ie th y l  
e th e r  (500 m l) . The e th e r  la y e r  was th en  e x tra c te d  w ith  10% aqueous sodium 
h yd ro x id e  s o lu t io n  to  re c o v e r 0 .6  g X L III. The e th e r  la y e r  was d r ie d  
(NSgSO^), f i l t e r e d ,  and th en  c o n c e n tra te d  to  a f fo rd  a  brown o i l .  A s h o r t  
column chrom atography on n e u t r a l  a lum ina w ith  hexane e lu e n t  gave 749 mg 
(25.4% b ased  on unrecovered  s t a r t i n g  m a te r ia l )  XLIII as  a  c o lo r l e s s  v e ry  
sw eet s m e llin g  o i l .  (D uring th e  column chrom atography, XLVIII was de­
t e c ta b l e  by odor a t  c o n c e n tra tio n s  low er th a n  w ere d e te c ta b le  by th in  
la y e r  chrom atography w ith  io d in e  developm ent. However, when XLVIII was 
n e a t ,  o r  i n  v e ry  c o n c e n tra te d  s o lu t i o n s ,  no odor was d e t e c t a b l e . )  An
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a n a l y t i c a l  sam ple was p re p a re d  v ia  p r e p a ra t iv e  gc (0 .6 4  cm by 3m column 
o f  20% FFAP on Chromasorb W, a l l  gc c o m p o n e n ts - in je c to r , d e t e c to r ,  and 
column ^  140*.
60 MHz nmr (CDCl^): 6 1 .26  ( t r i p l e t ,  J =6 Hz, 3H, -OCH^CH^), 6 1 .13
(dou b le  d o u b le t ,  J  = 9-10 Hz, and J  g ^ 3,4  ^  5 , 6-endo r in g
n X n X --------
p ro to n s ) ,  6 1 .9 0  ( m u l t ip le t ,  2H, 5 , 6-exo r in g  p r o to n s ) ,  6 4 .0 7  ( q u a r t e t ,
J=6 Hz, 2H, -OCH^gCH^), 6 4 .7 4  ( m u l t ip l e t ,  2H, 1 ,4 - (b rid g e h e a d ) p r o to n s ) ,
S 6 .24  (unsym m etrica l t r i p l e t ,  2H, 2 ,3 - ( o le f in ic ) p r o to n s ) .  s e e  f ig u r e  9 
70 eV mass spec trum ; m/e 167 (m o lecu la r  io n ) ,  139, 94, 80, 66, 41 , 39 
(base  p e a k ) . s e e  f ig u r e  10
IR ( f i lm ) ,  cm"^: 3020 (w ,=C-H), 2995 (w, C-H), 1710 ( s ,  b r ,  C=0), 1270
(m, C-N ), 690 (m, c i s  double b o n d ) . For a n a l y s i s , XLVII was s e a le d  in  a 
c a p i l l a r y  under vacuum a f t e r  gc s e p e ra t io n  and su b se q u en t m i c r o d i s t i l l a t i o n .
A n a ly s is  f o r  CgH^gNOg: C 6 4 .6 5 , H 7 .8 4 ; Found C 6 4 .8 8 , H 7 .8 7 .
N -T o lu e n e su lfo n y l-7 -A z a b ic y c lo (2 .2 .1 )h e p t-2 -e n e  (X L V III).
P r e p a ra t io n  o f  XLVIII was s im i la r  to  XLVII; i . e . ,  
XLV (2 .3  g ,  6 .78  mmoles) was d is s o lv e d  in  th e  
e l e c t r o l y s i s  s o lu t io n  (100 ml) and s u b je c te d  to  an 
i n i t i a l  c u r r e n t  o f  160 mamps betw een p la tin u m  w ire  
mesh e le c t r o d e s  ( c a . 50 v o l t s ) . When th e  c u r re n t  
dropped below  50 mamps (12 h o u rs )  th e  e l e c t r o l y s i s  was te rm in a te d , and th e  
s o lu t io n  made a c id ic  w ith  h y d ro c h lo r ic  a c id .  T h is  was e x t r a c te d  w ith  two 
volum es ch lo ro fo rm . The o rg a n ic  la y e r  was washed w ith  one volume s a tu r a te d  
sodium b ic a rb o n a te  fo llow ed  by one volume w a te r ,  th e n  d r ie d  o v er sodium
Ill
s u l f a t e .  Removal o f  s o lv e n t  gave a  heavy b la c k  o i l  w hich was chrom ato­
graphed  on n e u t r a l  a lu m in a . E lu t io n  w ith  hexane a f fo rd e d  XLVIII a s  a 
c r y s t a l l i n e  s o l id  on c o n c e n tr a t io n  o f  th e  hexane s o lu t io n .  R e c r y s ta l l i z a ­
t i o n  from  hexane gave 205 mg m .p. 91-92° (0 .8 2  mm oles, 12%).
60 MHz nmr, (CDC1_): 6 1 .0 7  (d o u b le  d o u b le t ,  ^ = 11-12 Hz ^ =
n X  n  X
3-4 Hz, 2H, 5 ,6 - endo r in g  p r o to n s ) ,  6 2 .03  ( m u l t ip l e t ,  2H, 5 ,6 - exo r in g
p r o to n s ) ,  6 2 .42  ( s i n g l e t ,  3H, A r-CH^), 5 4 .6 4  ( m u l t ip l e t ,  2H, 1 ,4 -
(b rid g eh e ad ) p r o to n s ) ,  6 5 .73  (asym m etric t r i p l e t ,  2H, 2 , 3 - ( o l e f i n i c ) -
p r o to n s ) ,  6 7 .41  (AB q u a r t e t ,  J=8 Hz, 4H, a r y l  r in g  p ro to n s ) ,  s e e  f ig u r e
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70 eV mass spec trum : 249 (m o le u c la r  io n ) ,  221, 155, 106 , 91 (b a se  p e a k ) ,
s e e  f ig u r e  12
IR (KBr p e l l e t ) ,  cm“ ^: 3090 (w, = C -J ) , 2995 and 2960 (w, C-H), 1590 (w,
C=C), 1335 and 1150 ( s ,  S -0 ) ,  690 ( s ,  c i s  d o u b le  b o n d ).
A n a ly s is  f o r  C^^H^^NSOg: C a lc u la te d ,  C 6 2 .6 2 , H 6 .0 6 ; Found, C 6 2 .5 0 ,
H 5 .9 9 .
N -M e th y l-7 -A z a b ic y c lo (2 .2 .1 )h e p t-2 -e n e  (XVI)
N -C a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .1 )h e p t-2 -e n e  (XLVII, 
749 mg, 4 .4 9  mmoles) was d is s o lv e d  in  benzene (30 
m l) . To th e  r e s u l t i n g  s o lu t io n  was added a  
benzene s o lu t io n  (23 m l) o f  d iiso b u ty la lu m in u m  
h y d r id e  (0 .6 1  m eq/m l). A f te r  s t i r r i n g  f o r  4 h o u rs  
a t  room te m p e ra tu re , an a d d i t io n a l  5 ml DIBAL-H s o lu t io n  was added ( t o t a l  
28 m l, 1 7 .1  m m oles). A f te r  4 m ore h o u rs  th e  r e a c t io n  m ix tu re  was co o led  
to  0° and quenched w ith  ex cess  m e th an o l. ( I f  th e  m ix tu re  i s  n o t  co o led  
to  0° b e fo re  q u ench ing , an  u n f i l t e r a b l e  g e l  i s  o b ta in e d .  In  t h i s  c a s e
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th e  p ro d u c t can  be o b ta in e d  by a d d i t io n  o f c o n c e n tra te d  po tass iu m  h y d ro x id e  
and e x t r a c t io n  w ith  s e v e r a l  volum es o f  ch lo ro fo rm . The r e a c t io n  m ix tu re  
was f i l t e r e d  from th e  p r e c i p i t a t e d  s a l t s  (Al(OMe)g) and combined w ith  an 
equ a l volum e o f  a  s a tu r a te d  s o lu t io n  o f  p i c r i c  a c id  in  95% e th a n o l,  w here­
upon y e llo w  c r y s t a l s  o f  XVI- p i c r a t e  p r e c ip i t a t e d  im m ed ia te ly . R e c ry s ta l­
l i z a t i o n  from  95% e th a n o l a f fo rd e d  th e  p u re  p i c r a t e  (1300 mg, 86%) a s  
ye llow  n e e d le s ,  m .p . 225 (d e c o m p o sitio n ).
A n a ly s is  f o r  C^gH^^N^Oy: C 4 6 .1 6 , H 4 .1 7 ; Found C 4 5 .9 3 , H 3 .9 8 .
The f r e e  b ase  was o b ta in e d  by t r e a t i n g  th e  p i c r a t e  w ith  concen­
t r a t e d  aqueous p o ta ss iu m  h y d ro x id e  fo llow ed  by e x t r a c t i o n  w ith  ch lo ro fo rm  
o r  steam  d i s t i l l a t i o n  fo llo w ed  by e th e r  e x t r a c t io n .  XVI was i s o la te d  by 
p r e p a r a t iv e  gas chrom atography on a 0 .64  cm by 1 .5  m column (28% Pennw alt 
223 on 80/100 Gas-Chrom R-4% KOH). A ll gc com ponents ( i n j e c t o r ,  colum n, 
d e te c to r )  w ere m a in ta in e d  a t  o r  below  100- 110®, n i t r o g e n  c a r r i e r  g a s .
60 MHz nmr (CDCl ) :  6 0 .9 6  (d o u b le  d o u b le t,  2H, J r  5 = 11-12 Hz, J .  ^
n  X n s;
= 3-4  Hz, 5 , 6-endo p r o to n s ) ,  5 1 .7 5  ( m u l t ip le t ,  2H, 5 ,6 -e x o  p ro to n s ) ,  6
2 .04  ( s i n g l e t ,  3H, N-CH^), 6 3 .6 9  ( m u l t ip le t ,  2H, 1 , 4 - (b rid g eh ead )
p r o to n s ) ,  6 5 .98  (b road  s i n g l e t ,  2H, 2 ,3 - ( o l e f in i c )  p r o to n s ) ,  se e  f ig u r e
15
70 eV m ass spec trum : m /e 109 (m o lecu la r io n ) ,  94 , 81 , 80 , 66 , 53, 42 , 39
(b ase  p e a k ) . see  f ig u r e  16
IR ( f i lm ) ,  cm 3080 (w, =C-H), 2960 (w, C-H), 690 (m, c i s  double b o n d ).
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A za b lc y c lo (2 .2 .1 )h e p t-2 -e n e  (XLIX)
Compound XLVIII (204 mg, 0 .82  mmoles) was d is s o lv e d
'4 * ^ ^  in  a  m ix tu re  o f  l i q u id  ammonia (20 ml) and e th e r
(10 ml) . Small c le a n  p o r t io n s  o f  sodium w ere added
u n t i l  th e  b lu e  c o lo r  p e r s is te d  f o r  one m in u te .
Ammonia was a llow ed  to  e v a p o ra te  by rem oving th e
d ry  ic e -a c e to n e  c o n d e n se r , le a v in g  an e th e r  s o lu t io n .  T h is  was e x t r a c te d
w ith  an  eq u a l volume o f  d i l u t e  h y d ro c h lo r ic  a c id .  The aqueous p h ase  was
made s tr o n g ly  b a s ic  w ith  p o ta ss iu m  h y d ro x id e , th e n  e x t ra c te d  w ith  CHCl^
(10 m l) .  E v ap o ra tio n  o f  s o lv e n t  w ith  a s tream  o f  d ry  n i t r o g e n  a t  room
te m p e ra tu re  a f fo rd e d  70 mg XLIX as  a  c o lo r l e s s  l i q u id  (0 .7 3  mmoles, 89%).
60 MHz nmr (CDCl^): 6 1 .0 2  (do u b le  d o u b le t ,  2H, J  ^ = 11-12 Hz,
n , X
Jg  ^ = 3-4 Hz, 5 , 6 -endo p r o to n s ) , 5 1 .7 5  ( m u l t ip le t ,  2H, 5 .6 - exo p ro to n s ) ,
n ,  X
6 1 .7 6  ( s i n g l e t ,  IH, N-H p ro to n s ,  exchanged on a d d i t io n  o f  DgO), 6 4 .1 2  
( m u l t ip l e t ,  2H, 1 ,4 - (b rid g eh e ad ) p ro to n s ) ,  6 6 .23  (asym m etric t r i p l e t ,  2H,
2 , 3 - ( o le f i n ic )  p ro to n s )  s e e  f ig u r e  13.
70 eV mass spectrum : m/e 95 (m o lecu la r i o n ) ,  94, 80, 67, 66, 51, 42 , 39
(b a se  p e a k ) , 28; see  f ig u r e  15
IR ( f i lm ) ,  cm"^: 3250 ( b r ,  N-H), ^070 (w, =C-H), 2960 ( s ,  C-H ), 1650 (b r ,  
N-H), 1260 (m, C-N), 790 ( s ,  N-H).
A d d itio n  o f  a s a tu r a te d  s o lu t io n  o f  p i c r i c  a c id  in  95% e th a n o l p r e c ip i t a t e d  
X L IX -p ic ra te  im m ed ia te ly . R e c r y s ta l l i z a t i o n  from 95% e th a n o l a f fo rd e d  
y e llo w  n e e d le s ,  mp 208-210 (d e c o m p o sitio n ).
A n a ly s is  f o r  C^2^i2^4®7‘ C a lc u la te d , C 4 4 .4 5 , H 3 .7 3 , N 1 7 .2 8 ; Found,
C 4 4 .2 1 , H 3 .8 5 , N 1 7 .3 0 .
114
N -C arboethoxypyrro le
158The t i t l e  compound was p re p a re d  from  p y rry lp o ta ss iu m  in  te t ra h y d ro fu ra n .
Thus, p y r ro le  (51 g , 0 .7 6  m oles) was added d ropw ise to  a  m ix tu re  o f t e t r a ­
h y d ro fu ran  and po tass iu m  (30 g , 0 .7 5  m oles) under one atom osphere n i t r o g e n .  
To t h i s  was added e th y l  c h lo ro fo rm a te  (80 g , 0 .75  m oles) o v er a one hour 
p e r io d  (e x o th e rm ic ) . The r e s u l t a n t  m ix tu re  was quenched w ith  w ate r (10 ml) 
f i l t e r e d ,  d r ie d  over magnesium s u l f a t e ,  and c o n c e n tra te d . D i s t i l l a t i o n  
a t  a tm o sp h eric  p re s s u re  ( f r a c t i o n  c o l le c te d ,  bp 180-182) a f fo rd e d  
N -ca rb o e th o x y p y rro le  (5 4 .2  g ,  52%).
N -C arboethoxy-1 , 4 -D ih y d ro n a p h th a le n - l. 4 -im in e  fL)
N -c a rb o e th o x y p y rro le  (7 .9  g , 0 .057  m oles) was d i s ­
so lv ed  in  d ry  THF (100 ml) and s e t  to  r e f lu x .  
E quim olar amounts o f  isoam yl n i t r i t e  and a n t h r a n i l i c  
a c id  ( in  THF s o lu t io n )  w ere added s im u ltan e o u sly  v ia  
s e p a ra te  d ropping  fu n n e ls .  The t o t a l  tim e f o r  
a d d i t io n  was 2 -1 /2  h o u rs , w hich was fo llow ed  by an  a d d i t io n a l  1 -1 /2  hours 
r e f lu x .  THF was removed from th e  crude r e a c t io n  m ix tu re  by d i s i l l a t i o n ,  
th en  re p la c e d  w ith  an e q u a l volume o f  ch lo ro fo rm . T h is  was washed w ith  
eq u a l volum es o f  w a te r , s a tu r a te d  sodium b ic a rb o n a te  and f i n a l l y  w a te r . 
D rying o v er sodium  s u l f a t e  and c o n c e n tra t io n  l e f t  a  b la c k  o i l  which was 
chrom atographed on n e u t r a l  a lu m in a . (10% e th y l  a c e t a t e /  hexane e lu e n t)  .
The p ro d u c t, L , (6 .2  g , 51%) was r e c r y s t a l l i z e d  from  e th e r /h e x a n e  to  g iv e  
c o lo r l e s s  n e e d le s  mp. 5 9 .5 -6 0 .0 ° .
60 MHz nmr (CDCl^) : «S 1 .07  ( t r i p l e t ,  3H, J=7 Hz, -OCH^CH^), 6 3 .95
( q u a r t e t ,  2H, J=7 Hz, OCH^CH^), 6 5 .45  (asym m etric t r i p l e t ,  2H, 1 -4 -  
(b rid g eh e ad ) p ro to n s ) ,  6 6 .73  to  7 .23  (complex m u lt. 6H, a ro m a tic  and
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o l e f l n l c  p ro to n s )  see  f ig u r e  17.
70 eV mass spec trum : m/e 216, 215 (m o lecu la r io n ) ,  189 , 170, 115, 65 , 51.
se e  f ig u r e  18
IR  (KBr p e l l e t )  cm"^: 3090 ( s h , =C-H), 2290 ( s h , C -H ), 1690 ( b r ,  s ,  C=0),
1250 ( s ,  C-N), 1100 (m, C -0 ), 760 (m, 1 ,2 - d i s u b s t i tu t e d  a ro m a tic  r i n g ) ,
700 (s h , c i s  d o u b le  b o n d ).
A n a ly s is  f o r  ^i2^13^^2* C a lc u la te d  C 7 2 .5 4 , H 6 .0 9 , N, 6 .5 1 ; found
C 72 .73 , H 6 .0 1 , N 6 .5 9 .
N -C arboethyoxy-1 , 2 ,3 , 4 - te tra h y d ro n a p h th a le n -1 . 4 -im in e -(L )
Compound L (1 -g , 4 .6 5  mmoles was d is s o lv e d  in  50 
nil e th y l  a c e ta te  w ith  a  s p a tu la  t i p  o f  5% Pd/C .
T h is  was hydrogenated  under 3 atm ospheres fo r  
one h o u r . F i l t r a t i o n  o f  c a t a l y s t  and s o lv e n t  
rem oval le a v e s  a c o lo r le s s  o i l .  M ic r o d i s t i l l a t i o n  
(60*, 0 .1  t o r r )  a f fo rd e d  L I (0 .9 3  g , 92%) as  a  c o lo r l e s s  o i l .  P u r i f i c a t i o n  
f o r  a n a ly s i s  was accom plished  v ia  gas chrom atography (0 .6 4  cm by 3m column, 
20% FFAP on Chromasorb W, column te m p era tu re  170“ ) .
60 MHz nmr (CDCl^): 6 1 .1 0  ( t r i p l e t ,  3H, J=7 Hz, -OCH^CH^), 6 1 .18
( m u l t ip l e t ,  2 H, 2 .3 - endo-p r o to n s ) . ô 2 .08  ( m u l t ip l e t ,  2H, 2 , 3-exo p r o to n s ) , 
6 3 .98  ( q u a r t e t ,  2H, J=7 Hz, OCH^CH^), 6 5 .12  ( m u l t ip l e t ,  2H, 1 ,4 -  
(b rid g h ea d ) p r o to n s ) ,  ô 7 .05  ( m u l t ip l e t ,  4H, a ro m a tic  r in g  p ro to n s )  see  
f ig u r e  19.
70 eV mass spec tru m : m /e 217 (m o lecu la r  io n ) ,  189, 151, 130, 117, 116
(b ase  p e a k ) , 91 , 89 , 77, 63, 51 se e  f ig u r e  20.
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IR ( f i l m ) ,  cm"^; 2980 (w, =C-H), 1715 ( b r ,  s ,  C=0), 1260 (m, C-N ), 1100
(m, C -0 ) , 745 ( s ,  1 ,2  d i s u b s t i t u te d  d oub le  b o n d ).
A n a ly s is  f o r  C^gH^gNOg: C a lc u la te d  C 71 .87 ,H  6 .9 6 , found C 72 .1 7 ,
H 6 .9 8 .
N -C arboethoxy-1 , 2 , 3 , 4 -T e tra h y d ro n a p h th a le n - l , 4 - im in e -2 , 3 -e x o , e x o -d ^
The p ro c e d u re  fo r  th e  p r e p a ra t io n  o f  L I was fo llo w e d , s u b s t i t u t i n g  d eu te riu m  
gas f o r  hydrogen . C a ta ly t ic  d e u te r a t io n  o f  L (5 g , 23 mmole) a f fo rd e d  on 
workup L l-d ^  (4 .8  g , 96%).
N -m eth y l-1 , 2 , 3 , 4 - te t r a h y d o n a p h th a le n - l , 4 -im in e  (XVII)
A s o lu t io n  o f  L I (5 g , 23 mmoles) in  20 ml d ry  
\  te t r a h y d ro fu ra n  was added d ropw ise  to  a  s t i r r e d
s o lu t io n  o f  l i th iu m  aluminum h y d r id e  (0 .9 1  g , 24 
mmoles) in  30 ml d ry  THF. The m ix tu re  was h e a te d  
to  r e f lu x  f o r  8 h o u rs . On c o o l in g ,  th e  m ix tu re  
was quenched w ith  one ml w a te r ,  one ml 10% sodium  h y d ro x id e , and 3 ml 
w a te r . The p r e c ip i t a t e d  aluminum s a l t s  w ere f i l t e r e d  from  s o lu t i o n ,  and 
s o lv e n t  removed a f fo rd in g  crude  XVII. S u b lim a tio n  a t  50° (0 .1  t o r r )  
a f fo rd e d  XVII, (3 .0 4  g , 83%) as  a waxy s o l i d .
60 MHz nmr (CDClg): 6 1 .1 3  (d o u b le  d o u b le t ,  2H, ^2 2 =  11-12 Hz
J ,  ~ = 3-4  Hz, 2 , 3-endo p ro to n s )  , 6 2 .04  ( s i n g l e t ,  3H, N-CH_), 6 2 .12
n ,  X
( m u l t ip l e t ,  2H, 2 , 3-exo p r o to n s ) , 6 4 .0 2  ( m u l t ip l e t ,  2H, 1 ,4 - (b rid g e h e a d ) 
p r o to n s ) ,  6 7 .12 ( s i n g l e t ,  4H, a ro m a tic  r in g  p ro to n s )  s e e  f ig u r e  20.
70 eV m ass spec trum : m /e 159 (m o lecu la r  io n ) ,  132, 131 (b ase  peak) 130
116, 90 , 89 , 63 , 51 s e e  f ig u r e  21.
IR ( f i l m ) ,  cm“ ^ : 3060 (m, =C-H), 2980 (m, C-H), 1260 (m, s h ,  C-N ), 760
( s ,  1 ,2 - d i s u b s t i tu t e d  a ro m a tic  r i n g ) .
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N -M eth y l-l. 2 . 3 . 4 -T e tra h v d ro n a p h th a le n - l . 4 - im ln e -  2 , 3-exQ-d^ (X V II-d„)
The p ro ced u re  fo r  th e  s y n th e s is  o f XVII was 
employed s u b s t i t u t i n g  L I-d 2 f o r  I I .  R eduction  
o f  L l-dg  (1 .8 6  g , 8 .5  m m oles), a f fo rd e d  XVII-dg
XVII-dg (1 .2 8  g , 93%).
60 MHz nmr (CDClg): 6 1 .1 7  ( s i n g l e t ,  2H, 2 . 3 -endo p r o to n s ) . 6 2 .04
( s in g l e t ,  3H, N-CH^), 5 4 .0 5  ( s i n g l e t ,  2H, 1 , 4 - (b rid g eh e ad ) p r o to n s ) ,  6 
7.15 ( s i n g l e t ,  4H, a ro m a tic  r in g  p ro to n s )  s e e  f ig u r e  29a. To compare th e  
nmr s p e c tr a  o f  XVII and X V IIa-dg, s e e  f ig u r e  4 , p a r t  I I  o f  t h i s  d i s s e r t a t i o n .
B enzened iazon ium -2-C arboxy late
159The p ro ced u re  o f  L o g u llo  £ t  a l .  was employed w ith o u t change. The 
p ro d u c t was used  in  a  su b seq u en t r e a c t io n  im m ediate ly  upon i s o l a t i o n .
N -M ethvl-2-Pvridone
The p ro ced u re  o f P r i l l  and M cElvain^^^ was employed w ith o u t change. 
N -M eth v l-2 -P v rid o n e-3 . 4 . 5 , 6-d^
A p ro ced u re  s im i la r  to  th e  above was employed. T hus, d im eth y l s u l f a t e
(37 .8  g , 0 .3  m oles) was added to  p y r id in e -d ^  (25 g , 0 .3  m oles) o v er a  15
m inute p e r io d .  The r e s u l t i n g  m ix tu re  was h e a te d  on a steam  b a th  f o r  2 h o u rs , 
fo llow ed  by a d d i t io n  o f  w a te r  (50 m l).K 2Fe(CN)^ (196 g , 0 .6  m oles) in  w a te r 
(390 ;ml) and sodium h y d ro x id e  (49 g , 1 .23  m oles) in  w a te r  (50 ml) w ere 
added to  th e  p y rid in iu m  s a l t .  A d d itio n  v ia  s e p a ra te  d ropp ing  fu n n e ls  was 
conducted so th a t  th e  sodium  h y d ro x id e  s o lu t io n  was co m p le te ly  added by 
th e  tim e 1 /2  th e  KgPe(CN)^ s o lu t io n  was added . D uring t h i s  a d d i t io n  th e
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r e a c t io n  f l a s k  was m a in ta in ed  a t  l e s s  th a n  10° w ith  a  s a l t - i c e  b a th .
Two hours a f t e r  com plete a d d i t io n  th e  r e a c t io n  m ix tu re  was s a tu r a te d  w ith  
sodium c a rb o n a te ,  th en  f i l t e r e d  and e x tra c te d  w ith  c h lo ro fo rm . A fte r  
d ry in g  over sodium s u l f a t e  and rem oval o f  s o lv e n t ,  th e  c ru d e  p ro d u c t 
was vacuum d i s t i l l e d .  The f r a c t i o n  b o i l in g  116-118° a t  9 t o r r  (2 4 .5  g ,
73%) was > 98% N -m eth y l-2 -p y rid o n e-d ^  (gas ch rom atog raph ic  a n a l y s i s ) .
The 60 MHz nmr spectrum  (n e a t  s o lu t io n )  c o n ta in e d  th e  N -m ethyl s i n g l e t  
as th e  o n ly  o b se rv a b le  re so n an ce .
N-Methyl-l.4-Dihydro-lr4-EthenQisnqiHnoHn-3(7H)-nnp (T.TX)
N -M ethy l-2 -py ridone  (5 g , 0 .052  m oles) and b enzene-
159d ia z o n iu m -2 -c a rb o x y la te  (from  0 .0 5  m oles 
a n t h r a n i l i c  a c id )  w ere combined in  d ich lo ro m eth an e  
(100 ml) and h e a te d  to  r e f lu x .  W ith in  one hour 
a l l  o f  th e  b e n z e n e d iaz o n iu m -2 -ca rb o x y la te  had 
d is s o lv e d ,  a f fo rd in g  a d a rk  b u t c l e a r  s o lu t io n .  A f te r  an  a d d i t io n a l  1 -1 /2  
hours r e f lu x  th e  r e a c t io n  was te rm in a te d . The b la c k  s o lu t io n  was washed 
w ith  aqueous 5% p o ta ss iu m  h y d ro x id e  (100 m l) , th e n  w a te r  (3 x 100 m l) . 
D rying o v er sodium s u l f a t e ,  th e n  c o n c e n tra t io n  on a  r o ta r y  e v a p o ra to r  
gave a  heavy b la c k  o i l  w hich was chrom atographed on n e u t r a l  a lum ina .
E lu tio n  w ith  3 :1  h e x a n e -e th y l a c e ta t e  gave LIT a s  an o i l  w hich was d i s ­
so lv ed  in  e th e r  and t i t u r a t e d  w ith  hexane to  a f f o r d  s o l id  LIT (1 .1  g , 11%) 
A f te r  s u b l in a t io n  a t  100° and 0 .1  t o r r ,  th e  c o lo r l e s s  p ro u c t m elted  
97-98° ( l i t ^ ^ °  9 8 -1 0 0 °).
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L ll-d ^  was produced in  an  analogous manner from 3 ,4 ,5 ,6 - t e t r a d e u te r io - N -  
m e th y l-2 -p y rid o n e  and b en ze n ed iaz o n iu m -2 -ca rb o x y la te .
N -M eth y l-l, 4 -D ih y d ro - l , 4 -E th a n o iso q u in o lin -3 (2 H )-o n e  (L I I I )
Compound L I I  (1 g , 5 .4  mmoles) was d is s o lv e d  in  
e th y l  a c e ta t e  (25 ml) and hyd rogenated  o v er 5% 
p a llad iu m  on c h a rc o a l c a t a l y s t  a t  3 atm ospheres 
Hg p re s s u re .  A f te r  1 /2  h o u r th e  c a t a ly s t  was 
f i l t e r e d  and th e  s o lu t io n  was c o n c e n tra te d  to  
5 m l. T i tu r a t io n  w ith  hexane a f fo rd e d  L I I I  (0 .9 3  g , 92%). R e c ry s ta l­
l i z a t i o n  from hexane g iv e s  c o lo r l e s s  n e e d le s  mp 130-131 ( l i t ^ ^ ^  133-135 
c o rre c te d ) .
A n a ly s is  fo r  C^gH^^NO (1 8 7 .2 4 ): C a lc . C 76 .9 8 , H 7 .00  Found C 7 6 .7 8 ,
H 7 .13 .
L l l l - d g  was produced  in  an an a lo g o u s manner from L l l-d ^  v ia  c a t a l y t i c  
d e u te r a t io n .
N -M eth y l-l, 2 , 3 , 4 -T e t r a h y d ro - l , 4 -E th a n o iso q u in o lin e  (XIX)
A s o lu t io n  o f  L I I I  (700 mg, 3 .74  mmoles) in  e th e r  
'N (10 ml) was added d ropw ise  to  l i th iu m  aluminum
h y d rid e  (200 mg, ex cess) in  e th e r  (50 m l) . The 
r e s u l t a n t  m ix tu re  was r e f lu x e d  f o r  8 h o u rs , then  
quenched w ith  w a te r  (5 d r o p s ) , 15% aqueous sodium 
hydrox ide  (5 d r o p s ) , and f i n a l l y  w a te r  (15 d r o p s ) . A f te r  f i l t r a t i o n  o f  
th e  aluminum s a l t s ,  th e  e th e r  s o lu t io n  was d r ie d  o v e r sodium s u l f a t e  and 
c o n c e n tra te d  in  v acu o . M ic r o d i s t i l l a t i o n  a t  55® and 0 .1  t o r r  a f fo rd e d  
XIX a s  a  c o lo r l e s s  l i q u id  (505 mg, 78%).
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100 MHz nmr, CDClg: 6 1 .37  ( m u l t ip l e t ,  2H), ô 1 .7 9  ( m u l t ip l e t ,  IH) and
6 2 .21  ( m u l t ip le t ,  IH )-e th a n o -b r id g e  p ro to n s ;  6 1 .8 9  (d o u b le t o f  t r i p l e t s ,  
IH , J=13 Hz and ç a  1 -2  Hz, H ^syn), 5 1 .9 8  ( s i n g l e t ,  3H, N-CH^) 5 2 .88  
( m u l t ip le t ,  IH, H^) 6 3 .28  (doub le , d o u b le t ,  J=13 Hz and J = l-2  Hz, IH, 
H j- a n t i ) , 6 3 .49  ( m u l t ip le t ,  IHg H ^), 6 7 .14  ( m u l t ip le t ,  4H, a ro m a tic  
r in g  p ro to n s )  s e e  f ig u r e  26
70 eV mass spec trum ; m/e 173 (m o lecu la r io n ) ,  144 (b ase  p e a k ) , 130, 115, 
83, 77, 51 see  f ig u r e  27.
IR cm"^ ( f i lm ) :  2930 and 2850 (m, C-H) 1250 ( b r ,  w, C-N), 750 ( s h ,  1 ,2 -
d i s u b t i tu te d  a ro m a tic  r i n g ) .
XlX-dg was p rep a red  by th e  same method em ploying l i th iu m  aluminum d e u te r id e  
re d u c tio n  o f  L l l l - d , .D
M eth y len eb isu re th an e
U rethane (178 g , 2 .0  m oles) and form aldehyde (81 g o f  37% aqueous s o lu t io n ,  
1 mole) w ere combine in  co ld  w a te r  (1  l i t e r )  to  w hich c o n c e n tra te d  hydro­
c h lo r ic  a c id  (2 -3  ml) had been  added . A f te r  24 h o u rs  f i l t r a t i o n  a f fo rd e d  
la rg e  c o lo r l e s s  n e e d le s  (110 g , 58%) and vacuum d ry in g .
N -C arb o e th o x y -5 -A zab icy c lo (2 .2 .2 )o c t-2 -e n e
58
The p ro c e d u re  i s  s im i la r  to  th a t  o f  Cava e t . a l .
^  M ethylene b is u re th a n e  (48 g , 0 .25  m oles) and
b o r o n - t r i f l u o r id e  e t h e r a te  (10 g) w ere combined in  
benzene (500 ml) and s e t  to  r e f lu x .  C yclohexad i- 
en e -1 ,3  (20 g , 0 .25  m oles) was added d ropw ise  o v e r  a  45 m inu te  p e r io d . 
A f te r  an a d d i t io n a l  1 .5  hours r e f lu x ,  th e  r e a c t io n  m ix tu re  was washed 
w ith  s a tu r a te d  sodium b ic a rb o n a te  (3 x 300 m l) , fo llow ed  by w a te r  (2 x 
400 m l) . The b la c k  o i l  o b ta in e d  on c o n c e n tr a t io n  o f  th e  o rg a n ic  phase
121
was vacuum d i s t i l l e d .  The p ro d u c t (1 1 .3  g , 25%) was o b ta in e d  from  th e  
f r a c t i o n  b o i l in g  a t  83 -85” (1 .0  t o r r ) .
N -M e th y l-5 -A z a b ic y c lo (2 .2 .2 )o c t-2 -e n e  (X V III)
N -c a rb o e th o x y -5 -a z a b ic y c lo (2 .2 .2 )o c t-2 -e n e  (1 7 .6  g , 
— 0.097 m oles) was added d ropw ise  to  l i t iu m  aluminum
h y d rid e  (4 .0  g , 0 .1  m oles) in  e th e r  (100 m l) .
A f te r  8 h o u rs  r e f lu x ,  th e  r e a c t io n  was quenched 
w ith  w a te r  (4 m l ) , 10% sodium h y d ro x id e  (12 m l) 
and a g a in  w a te r  (4 m l) . A f te r  d ry in g  o v er sodium s u l f a t e ,  th e  m ix tu re  was 
f i l t e r e d  and c o n c e n tra te d  in  v a c u o . D i s t i l l a t i o n  (5 8 -6 0 ° , 10 to r r )  
a f fo rd e d  N -m e th y l-5 -a z a b ic y c lo (2 .2 .2 )o c t-2 -e n e  (1 0 .8  g , 91%).
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I I .  ANOMALOUS LITHIUM ALUMINUM HYDRIDE REDUCTION 
OF CARBON-CARBON DOUBLE BONDS IN 7-AZABI- 
CYCLO( 2 .2 .1 ) HEPTENYL SYSTEMS
INTRODUCTION
R ecent i n t e r e s t  in  th e  mechanism o f l i th iu m  aluminum h y d r id e  
re d u c t io n s  o f  fo rm a lly  i s o la te d  ca rb o n -ca rb o n  d oub le  bonds^ ^ prom pted 
us to  exam ine th e  mechanism o f th e  c o rre sp o n d in g  re d u c t io n s  i n  a z a b i -  
c y c l ic  sy s te m s .^  P rev io u s  s tu d ie s  have shown t h a t  in  c e r t a i n  a l l y l i e  
and p ro p a rg y lic  a lc o h o ls ,  th e  d o u b le  bond i s  reduced  by LAH v ia  an 
in tra m o le c u la r  h y d rid e  t r a n s f e r .  The i n i t i a l l y  formed o rg an o a lu m in a te  
t r a n s f e r s  th e  h y d r id e  th ro u g h  . a f iv e  membered t r a n s i t i o n  s t a t e ,  w ith  
s im u lta n e o u s/c o n c o m ita n t carbon-alum inum  bond fo rm a tio n . The f i n a l  s te p  
i s  p ro to n a t io n  d u rin g  aqueous work u p . -
+ L ÎA IH R'
M/
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In  t h i s  work we have examined th e  mechanism o f  LAH re d u c t io n  o f s e v e ra l  
b ic y c l i c  am ine sy s tem s . Based on d eu te riu m  la b e l in g  s tu d ie s  we su g g es t 
m echanisms f o r  th e  observed  d o u b le  bond re d u c t io n s  and d i f f e r e n c e s  in  
th e  r e a c t i v i t i e s  o f th e  b ic y c l ic  amine sy s te m s .
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DISCUSSION AND RESULTS
N -c a rb o e th o x y -7 -a z a -2 ,3 -b e n z o b ic y Io (2 .2 .I )h e p ta d ie n e  ( I )  was 
p re p a re d  v ia  D ie ls  A lder a d d i t io n  o f benzyne to  N -c a rb o e th o x y p y rro Ie .^  
R eduction  o f  I  w ith  LAH in  r e f lu x in g  e th e r  f o r  e ig h t  h o u rs  a f fo rd e d  th e
g
d e s ir e d  N -m e th y I-7 -a z a -2 ,3 -b e n z o b ic y c Io (2 .2 .I )h e p ta d ie n e  ( I I )  in  poor 
y i e ld ,  a long  w ith  two o th e r  com ponents. T h is  p ro d u c t m ix tu re  was sep a­
r a te d  by gas chrom atography on a  3 mby 0 .635 cm 20% FFAP column
9
(te m p e ra tu re  ^  1 5 0 °, H elium  flow  r a t e  = 120 m l/m in) . By a  com bination  
o f nmr and mass s p e c tro m e try  th e  two rem ain in g  p ro d u c ts  w ere i d e n t i f i e d  
a s  N -m e th y I-7 -a z a -2 ,3 -b e n z o b ic y c Io (2 . 2 .I )h e p te n e ,^  I I I  and 7 - a z a -2 ,3 -  
b e n z o b ic y c Io (2 . 2 . I ) h e p t a d i e n e , I V .
i-CH CH
The nmr and mass s p e c t r a  o f I I - IV  a r e  shown in  F ig u re s  1-3  r e s p e c t iv e ly .
Once th e s e  compounds w ere i d e n t i f i e d  th e  p ro d u c t d i s t r i b u t i o n  
co u ld  be  o b ta in e d  from  in t e g r a t i o n  o f  th e  gc t r a c e  o r d i r e c t l y  from  th e  
nmr o f th e  c ru d e  m ix tu re  o f  p ro d u c ts .  (The chem ical s h i f t s  o f  th e  b r id g e ­
head p ro to n s  o f I I - I V  a r e  s u f f i c i e n t l y  un ique  to  a llo w  p ro d u c t r a t i o  
d e te rm in a t io n ) .
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Figure lb. 70 eV mass spectrum of II
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Figure 3b. 70 eV mass spectrum of IV
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We employed d eu te riu m  la b e l in g  to  d e l in e a te  th e  mechanism of 
double bond re d u c t io n .  LAH re d u c t io n  o f  I  fo llo w ed  by workup w ith  
NaOD/DgO a ffo rd e d  I l l - d ^  a lo n g  w ith  I I  and IV . Mass s p e c t r a l  a n a ly s i s  o f 
I l l - d ^  in d ic a te d  g r e a te r  th a n  91% d ^ . F u rth e rm o re , th e  d eu te riu m  atom 
must be on th e  5 (o r  6) c a rb o n , based on th e  f a c t  t h a t  deu te riu m  i s  
a b se n t from  th e  b ase  p eak , ( f o r  s e v e ra l  o f th e  b ic y c l i c  am ines s tu d ie d ,  
th e  b a se  peak  co rresp o n d s to  lo s s  o f e th y le n e ,  a  r e t ro -D ie ls -A ld e r  







I n te g r a t io n  o f th e  nmr o f  I l l - d ^  in d ic a te d  a  two to  one r a t i o  o f endo 
to  exo p ro to n s ,  in d ic a t in g  exo deu te riu m  s u b s t i t u t i o n .  T h is was f u r th e r  
s u b s ta n t i a te d  by th e  c o u p lin g  p a t te r n s  o f  b o th  th e  endo and b rid g eh ead  
p ro to n s . The b rid g eh ead  (H^ and endo-5 ,6  p ro to n s  a r e  n o t s p in  coupled  
(d ih e d ra l  a n g le  = 9 0 °); th e r e f o r e ,  endo d eu te riu m  s u b s t i t u t i o n  would have 
l i t t l e  e f f e c t  on th e  c o u p lin g  p a t te r n  o f th e  b rid g eh e ad  p ro to n s . In sp ec ­
t io n  o f  F ig u re  4a and 4b c l e a r l y  in d ic a te s  t h a t  th e  b rid g eh ead  and endo 
p ro to n  c o u p lin g  p a t te r n s  a r e  p e r tu rb e d ; th e r e f o r e  deu teriu m  s u b s t i t u t i o n
must be  ex o . (compare w ith  4c )
1 , 4 - H
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F ig u re  4 . P a r t i a l  60 MHz nmr spectrum  o f I I I ,  I l l - d g ,  and I l l - d ^ ,
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As a  complement to  th e  above experim en t a n o th e r  re d u c t io n  was 
perfo rm ed  em ploying LAD and NaOH/H^O w orkup. Mass s p e c t r a l  and nmr 
a n a ly s i s  showed th e  p ro d u c t to  be I l l - d ^ . T hree d eu te riu m  atoms were 
c o n ta in e d  in  a  CD  ̂ g ro u p , w h ile  th e  rem ain in g  d eu te riu m  was in c o rp o ra te d  
i n t o  th e  ex o -5 (o r6 ) p o s i t i o n ,  (s e e  F ig  4d) In  a  s e p a ra te  e x p e rim en t,
I I  was t r e a te d  under c o n d i t io n s  whereby I  i s  reduced  to  I I - I V . By 
m o n ito r in g  th e  r e a c t io n  by  gas chrom atography , we de term ined  t h a t  I I  




T h is  r e s u l t  s u g g e s ts  t h a t  I I  may be  an  in te rm e d ia te  in  th e  o v e r a l l  
r e d u c t io n  o f  I  t o  I I I .  A mechanism which i s  c o n s is te n t  w ith  th e  
a fo rem en tio n ed  r e s u l t s  i s  o u t l in e d  below . I n i t i a l  r e d u c t io n  o f I  to  
I I  r e s u l t s  in  complex fo rm a tio n  betw een th e  n i t ro g e n  and aluminum atoms 
(V ). In tra m o le c u la r  h y d r id e  t r a n s f e r  o ccu rs  v ia  a  fo u r  member t r a n s ­
l a t i o n  s t a t e  (o r  in te r m e d ia te ) ,  V ia . F in a l ly ,  p ro to n o iy s is  o f  th e  carbon- 
aluminum bond (w hich o c c u rs  s t e r e o s p e c i f i c a l l y  w ith  r e t e n t io n  o f  con­
f ig u r a t io n ) ^ ^  d u r in g  aqueous workup a f fo rd e d  I I I .
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V
In te rm e d ia te
I n t e r e s t i n g ly ,  we o b serv ed  no 7 -a z a -2 ,3 -b e n z o b ic y c lo (2 .2 .1 )  
h ep ten e^ ^  (V II) among th e  p ro d u c ts  o f  r e d u c t io n  o f I .  In  a  s e p a r a te  
e x p e rim e n t, r e d u c t io n  o f IV to  V II occured  under c o n d it io n s  w hereby I I  
i s  red u ced  to  I I I .  However, th e  r e d u c t io n  o f  IV to  V II was somewhat 
more s lu g g is h  th a n  th e  c o rre sp o n d in g  r e d u c t io n  o f  I I  to  I I I .  For 
com parab le  c o n d itio n s  ( s to ic h io m e t r ic  r a t i o  o f am ine to  LAH, concen­
t r a t i o n ,  and tem p era tu re ) th e  r e d u c t io n  o f IV to  V II re q u ire d  ab o u t
tw ic e  th e  tim e a s  th e  c o rre sp o n d in g  r e d u c t io n  of I I  to  I I I .  T h is
2
r e ta r d e d  r e a c t io n  r a t e  may b e  due to  s t a b i l i z a t i o n  o f  th e  sp h y b r id iz e d  









In  conform ation  V lIIb  (o r  a )  in tra m o le c u la r  h y d rid e  d o n a tio n  to  th e  
double bond i s  n o t p o s s ib le .  The r a t e  o f  doub le  bond re d u c t io n  i s  
dependent on th e  c o n c e n tr a t io n  o f V I I I c ; th e r e f o r e  s t a b i l i z a t i o n  o f 
V ll lb  w i l l  d e c re a se  th e  c o n c e n tra tio n  and hence r a t e  o f r e d u c t io n  of 
TV.
We have ex ten d ed  our s tu d ie s  to  in c lu d e  th re e  r e l a t e d  system s:
7
N -c a rb o e th o x y -7 -a z a b ic y c lo (2 .2 .1 )h e p t-2 -e n e  ( IX ) , N -m e th y l-5 -azab icy c lo
12(2 .2 .2 )o c t-2 - e n e  (X) and N -m e th y l-6 -o x o -5 -a z a -2 ,3 -b e n z o b ic y c lo (2 .2 .2 )^  
13o c ta d ie n e  (XI) . As p re v io u s ly  n o ted  i n  p a r t  I  o f t h i s  d i s s e r t a t i o n ,  
com plete  re d u c t io n  o f th e  double bond in  IX o ccu rs  under c o n d itio n s  
which y ie ld  on ly  p a r t i a l  re d u c t io n  o f th e  d oub le  bond in  I .  However, 
s im i la r  tre a tm e n t o f  X w ith  LAH-Et^O r e s u l t e d  in  no d oub le  bond red u c­
t i o n  w hatsoever! To f u r th e r  co m p lica te  m a t te r s ,  s im i la r  tre a tm e n t o f 
XI w ith  LAD-EtgO r e s u l t e d  in  th e  fo rm a tio n  o f  n ap h th a len e  as  th e  s o le  




no r e a c t io n
LAH
Double bond re d u c t io n  in  th e  (2 .2 ,1 )  b u t n o t th e  (2 .2 .2 )  am ines 
ap p ea rs  to  in d ic a te  t h a t  th e  n e c e ssa ry  c o n d itio n s  fo r  doub le bond r e ­
d u c tio n  a r e  tw ofo ld : An e le c t r o n e g a t iv e  s u b s t i t u t e n t  m ust be  in  a
p o s i t io n  such  th a t  c o o rd in a tio n  w ith  aluminum a llo w s  c lo s e  p h y s ic a l  
p ro x im ity  to  th e  double bond and t h i s  double bond m ust be a c t iv a te d  due 
to  s t r a i n . The f a c t  th a t  th e  ( 2 .2 .2 )  amine s u f f e r e d  no doub le  bond 
re d u c tio n  can  be  e x p la in e d  by c o n s id e r in g  th e  d i f f e r e n c e  in  th e  s t r a i n  
between doub le  bonds in  th e  ( 2 .2 .2 )  amine v i s - a - v i s  th e  ( 2 .2 .1 )  am ine.
A com parison w ith  c a rb o c y c lic  analogues i s  i l lu m in a t iv e .
T urner and cow orkers^^ determ ined  th e  h e a ts  o f h y d ro g e n a tio n  
fo r  b ic y c lo (2 .2 .1 )h e p te n e ,  b ic y c lo (2 .2 .1 )h e p ta d ie n e ,  b ic y c lo ( 2 .2 .2 )  
o c te n e , and b ic y c lo ( 2 .2 .2 ) o c ta d ie n e ,  w hich a r e  l i s t e d  in  T ab le  I .
The d i f f e r e n c e  in  th e  h e a ts  o f  h y d ro g en a tio n  betw een th e  ( 2 .2 .1 )  and
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TABLE I
Compound AH  ̂ h e a t  o f  h y d ro g e n a tio n , k c a l/m o le
b ic y c lo ( 2 .2 . l ) h e p te n e
-3 3 .1
b ic y c lo (2 .2 .1 )h e p ta d ie n e
-6 8 .1  ( -3 5 .0 )*
b ic y c lo ( 2 .2 .2 ) o c ten e
n  -2 8 .3
b ic y c lo ( 2 .2 .2 ) o c ta d ie n e
-5 6 .2  ( -2 7 .9 )*
a .  V alues in  p a r a e n th e s is  a r e  th e  c a lc u la te d  AH  ̂ o f  th e  f i r s t  double 
bond . AHjj(diene)-AHjj(ene)
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( 2 .2 .2 )  s e r i e s  can be c o n s id e re d  to  b e  a m easure o f s t r a i n  in  th e  double 
bonds. For re d u c t io n  o f  th e  f i r s t  double bond o f th e  d ie n e s , n o rb o r-  
n ad ien e  l i b e r a t e s  7 .1  k c a l/m o le  more energy th a n  b i c y c lo ( 2 .2 .2 ) o c ta d ie n e . 
S im ila r ly ,  re d u c t io n  o f  th e  second doub le  bond in d ic a te s  t h a t  no rbornene 
i s  4 .8  k c a l/m o le  more s t r a i n e d  th a n  b ic y c lo ( 2 .2 .2 ) o c te n e .  The r e l i e f  o f  
s t r a i n  w hich o ccu rs  upon s a tu r a t i o n  o f  th e  doub le  bond in  th e  (2 .2 .1 )  
a lk e n e  i s  c o n s id e ra b ly  g r e a t e r  th a n  i s  th e  co rre sp o n d in g  s t r a i n  r e l i e f  
in  th e  (2 .2 .2 )  sy stem s. The 5 to  7 k ca l/m o le  energy  d i f f e r e n c e  su g g e s ts  
a  re a s o n a b le  e x p la n a tio n  f o r  th e  d i f f e r e n t  r e a c t i v i t i e s  w hich our b ic y c l ic  
am ine system s re v e a l  tow ard LAH-EtjO.
The mechanism o f  th e  a b e r r a n t  re d u c t io n  o f  XI was n o t p u rsu ed . 
However, one c o n tro l  ex p erim en t was ru n . R e flu x in g  XI in  e th e r  f o r  24 
h o u rs  w ith o u t LAH l e f t  i t  unchanged . T h is confirm ed  t h a t  th e  r e a c t io n  
in  th e  p re se n c e  o f  LAH i s  n o t j u s t  a  therm al r e t r o -dD iels-À lder r e a c t io n .  




C om plexation o f  th e  c a rb o n y l oxygen to  aluminum w ith  co ncom itan t lo n e  
p a i r  d o n a tio n  by n i t r o g e n  le a d s  to  a  more s t r a in e d  sy stem . T h is  excess 
s t r a i n  th e re b y  p ro v id e s  th e  d r iv in g  fo rc e  f o r  a  r e t r o - D ie ls - A ld e r  r e a c t io n  
(which a f fo rd s  N -m ethyl k e te n im in e  and n a p h th a le n e ) .
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SUMMARY
In  t h i s  work we have examined th e  mechanism o f re d u c t io n  o f 
s e v e ra l  a z a b ic y c l ic  compounds by means o f d eu te riu m  la b e l in g .  Our 
r e s u l t s  su g g es t t h a t  th e  req u ire m en ts  fo r  r e d u c t io n  o f  a  fo rm a lly  i s o ­
la te d  d oub le  bond a r e  tw o fo ld : The geom etry o f th e  n i trogen-alum inum
complex m ust p la c e  an  aluminum h y d rid e  bond in  c lo s e  p h y s ic a l  p ro x im ity  
to  th e  d o u b le  bond, and t h i s  bond m ust be a c t iv a te d  somewhat by s t r a i n .
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EXPERIMENTAI
R ed u c tio n  o f  N -carboethoxy  7 -a z a b e n z o b lc y c lo (2 . 2 , l ) h e p ta d le n e  I . ^
An e th e r  s o lu t io n  o f  4 .6 5  nmoles I  was added dropw ise to  4 
nm oles LAH (o r  LAD) in  g e n t ly  r e f lu x in g  e th e r .  A f te r  8 h o u rs , t i c  
(20% EtOAc/Hexane e lu e n t)  in d ic a te d  com plete r e a c t io n  o f  I .  The 
r e a c t io n  was quenched by s u c c e s s iv e  a d d i t io n  o f  4 d rops H2OCD2O )» 4 
d ro p s 10% NaOH(NaOD), and 10 d ro p s  HgO^DgO). A f te r  f i l t r a t i o n  o f th e  
s o l id  aluminum s a l t s  and d ry in g  overNagSO^, th e  p ro d u c t m ix tu re  was 
s e p a ra te d  by gas chrom atography on a 3 m by 0 .635  cm 20% FFAP column 
(temp = 150* flow  r a t e  120 m l/m in ) . The r e l a t i v e  y ie ld s  and r e te n t io n  
tim es  o f  I I  th ro u g h  IV w ere: I I ,  33% (4 .6  min) I I I  61% (8 .6  min) and
IV, 6% (1 4 .8  m in ).
R ed u c tio n  o f  I I I  to  I I  o r  IV to  V I I .
A pproxim ately  50 mg o f  th e  amine was t r e a te d  w ith  two eq u iv a ­
l e n t s  LAH in  r e f lu x in g  EtgO. The r e a c t io n s  w ere m onito red  by gas
chrom atography (v id e  s u p ra ) . W hereas th e  re d u c t io n  o f  I I I  to  I I  was
com ple te  in  4-5 h o u rs , th e  co rre sp o n d in g  re d u c t io n  o f IV to  V II was 
n o t com ple te  a f t e r  10 h o u rs .
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A ttem pted re d u c t io n  o f X.
T reatm ent o f  X in  th e  manner d e sc r ib e d  above f o r  I I  and IV 
showed no r e a c t io n  a f t e r  24 h o u rs . The r e a c t io n  was m onito red  by 
removing a  one ml a l i q u o t ,  quenching w ith  one d rop  10% NaOH, and 
d ry in g  over NagSO^. T h is  s o lu t io n  was th e n  s u b je c te d  to  gas chroma­
tography , The r e t e n t io n  tim e o f  th e  r e a c t io n  p ro d u c t was compared
12to  th a t  o f  N -m e th y l-2 -a z a b ic y c lo (2 .2 .2 )o c ta n e  p rep a red  by c a t a l y t i c  
h y d ro g en a tio n  o f  X.
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I I I .  ANGULAR DEPENDENCE OF VICINAL ^^N-H COUPLING CONSTANTS
IN BICYCLIC AMMONIUM SALTS
INTRODUCTION
Due to  r a p id  r e l a x a t i o n  o f th e  ^^N n u c le u s ,  m ost ^^N-H s p in  
co u p lin g  i s  u n o b se rv ed . T h is  i s  a  r e s u l t  o f th e  in v e rs e  r e l a t i o n s h ip  
o f  th e  r e la x a t io n  tim e , T^, and th e  nmr l i n e  w id th . Spin  c o u p lin g  
betw een p ro to n s  and ^^N i s  o b serv ed  in  c e r t a in  q u a te rn a ry  ammonium
3
s a l t s  where T  ̂ i s  much lo n g e r .  V ic in a l  s p in  c o u p lin g , . , h as
1 2-4 N-H
been o bserved  in  b o th  c y c l ic  and a c y c l ic  a lk y l  ammonium s a l t s  and
enammonium sa lts .^ "* ^ ^  In  a c y c l ic  q u a te rn a ry  ammonium s a l t s ,  th e  v i c i n a l
co u p lin g  c o n s ta n ts  v a ry  from c a . 1 .6 2  to  2 .10  Hz and a r e  in d ep en d en t
o f th e  c o u n te r  io n .^ ^  In  q u a te rn a ry  a lk y l  ammonium s a l t s  w here th e
s te re o c h e m is try  o f  v ic in a l^ ^ N  and ^  atoms i s  a c c u r a te ly  known, th e
3
m agnitude o f  was shown to  be  dependent upon th e  d ih e d ra l  a n g le ,
0 .^  The e x a c t r e l a t i o n s h ip  betw een th e  d ih e d ra l  a n g le  and th e  a b s o lu te
3
v a lu e  o f  was n o t  o b ta in e d  by T o r i and co -w orkers b eca u se  th ey
w ere u n ab le  to  acc o u n t f o r  th e  e f f e c t  o f a d ja c e n t  e le c t r o n e g a t iv e  su b -  
12 13s t i t u e n t s .  ’ In  t h i s  work we have examined s e v e r a l  v i c i n a l  s p in
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3
c o u p lin g s , J^ _ g , in  system s I-V . From a p lo t  o f J  v s  a n g le  0 we show
th a t  a  K arp lus ty p e  r e l a t io n s h ip  i s  fo llo w ed , as  has been su g g es ted  fo r
o th e r  v i c i n a l  p ro to n -h e te ro a to m  s p in  c o u p l i n g s . ( s u c h  as  ,
J  and J 3 )
*Si-H  P-H
a l l l b c
6n
Ma I
i d IV V
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DISCUSSION
Both d i r e c t  and in d i r e c t  (v ia  co u p lin g  w ith  o th e r  n u c le i)
o b s e rv a tio n  o f n i t r o g r e n  sp in  co u p lin g  h as  been  h in d e re d  f o r  s e v e ra l
re a s o n s . Both and a re  i n t r i n s i c a l l y  l e s s  s e n s i t i v e  to  th e
nmr experim en t th an  a r e  p ro to n s ;h e n c e , d i r e c t  o b s e rv a tio n  i s  d i f f i c u l t ,
( th e  n u c le u s  i s  o n ly  10 ^ a s  s e n s i t i v e  a s  i s  th e  n u c le u s ) . For
(which p o s se s se s  an  i n t e g r a l  s p in  quantum num ber), r a p id  q u ad ru p o la r
r e la x a t io n  w ashes o u t s p in  co u p lin g  and o b fu s c a te s  in d i r e c t  o b se rv a tio n
in  a l l  b u t  a  few l im ite d  s i t u a t io n s  (v id e  i n f r a ) .  On th e  o th e r  han d ,
^^N has no q u ad ru p o la r  r e la x a t io n  to  b roaden  th e  nmr s ig n a l  (^^N n u c le a r
sp in  quantum number = 1 /2 ) .  However, i t s  low n a tu r a l  abundance (0.37%)
16 17p re v e n ts  i t s  b e in g  observed  ex cep t in  i s o to p i c a l ly  e n r ic h e d  sam ples . *
W ith p re s e n t  te ch n o lo g y  and p r ic e  l i m i t a t i o n s ,  th e  m ost p r a c t i c a l  method
o f  o b se rv in g  s p in  c o u p lin g  to  n i t ro g e n  i s  an in d i r e c t  m ethod in v o lv in g
and a more s e n s i t i v e  n u c le u s . I f  a  co u p lin g  c o n s ta n t  f o r  e i t h e r  
14 15N o r N can  be de term ined  e m p ir ic a l ly ,  th e  co rre sp o n d in g  co u p lin g  
c o n s ta n t  f o r  th e  rem ain ing  N -nucleus can be c a lc u la te d  from th e  r e l a t i o n ­
sh ip
w here y i s  th e  gyrom agnetic r a t i o  o f th e  is o to p e .
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The o v e r r id in g  problem  a s s o c ia te d  w ith  o b se rv a tio n  o f  p ro to n  
co u p lin g  to  th e  n u c leu s  r e s u l t s  from th e  q u ad ru p o la r r e l a x a t io n .
For n u c le i  w ith  s p in  quantum numbers g r e a t e r  th an  1 /2 ,  a nonsysm m etric 
e l e c t r i c  f i e l d  g ra d ie n t  i s  p o s s ib le .  For th o se  n u c le i  th e  q u ad rap o le  
moment may a l ig n  w ith  th e  a p p lie d  m agnetic  f i e l d  and th e re b y  p ro v id e  a 
mechanism fo r  r a p id  r e la x a t io n  in  th e  c a se s  o f th e  q u ad ru p o la r n u c le i  
and any o th e r  n u c le i  coupled  to  i t .  The r e la x a t io n  tim e , T^, i s  in ­
v e r s e ly  p ro p o r t io n a l  to  th e  observed  l in e w id th s ;  th e r e f o r e ,  s h o r t  
r e la x a t io n  tim es le a d  to  broad  nmr s ig n a l s .  Spin  co u p lin g  o f  p ro to n s  
to  n it r o g e n  i s  g e n e ra l ly  n o t o b served  b ecau se  th e  m agnitude o f  l i n e
b ro ad en in g  due to  q u ad ru p o la r r e la x a t io n  i s  g r e a te r  th a n  th e  m agnitude 
19of s p in  c o u p lin g . Q uadrupolar l i n e  b ro ad en in g  become much l e s s
fa v o ra b le  in  th e  p re sen ce  o f  a sy m m etrica l e l e c t r i c  f i e l d  g ra d ie n t  a t  
14th e  N n u c le u s . T h is  i s  o f c o u rse  due to  th e  absence o f a  q u ad rupo le
moment, w hich , in c re a s e s  th e  s p in  l a t t i c e  r e la x a t io n  tim e , th e re b y
a f fo rd in g  s h a rp e r  l i n e s  in  bo th  th e  p ro to n  and nmr sp ec tru m .
The e f f e c t  o f asymmetry in  th e  e l e c t r i c  f i e l d  g ra d ie n t a t  n i t r o g e n  i s
a p p a re n t in  th e  norm al and n i t ro g e n  decoup led  p ro to n  nmr o f N -m ethyl
7 -a z a -2 , 3 -b en zo n o rb o rn en e . No d i f f e r e n c e  in  th e  two s p e c tr a  (and hence 
14 1,no N - H c o u p lin g ) was o bserved . E xam ination  o f th e  norm al and 
n it r o g e n  decoup led  p ro to n  nmr o f th e  c o rre sp o n d in g  m eth io d id e  ( I )  
how ever, c l e a r ly  shows th e  p re sen ce  o f s p in  co u p lin g  betw een n it r o g e n  
and th e  5 ,6 -^ n d û  p ro to n s , (s e e  F ig u re  1)
Even f o r  th e  f a i r l y  sym m etric m e th io d id e  I ,  some q u ad ru p o la r 
l i n e  b ro ad en in g  o c c u rs , a t  th e  am bient p robe te m p era tu re  (30® ). The nmr 





14F ig u re  1 . Normal and N -decoupled  p a r t i a l  100 MHz nmr sp ectrum  o f  I ,  D„0.
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21,22
due to  th e  in v e r s e  te m p e ra tu re  dependence o f  q u ad ru p o la r r e l a x a t io n .  
F ig u re  2 shows th e  p ro to n  nmr o f  th e  5 ,6  exo and endo p ro to n  re g io n  
o f I  a t  30 and 8 5 ° .
3
B efo re  c o n s id e r in g  th e  r e s u l t s  o f  th e  c o u p lin g  c o n s ta n t
m easurem ents, a b r i e f  d ig r e s s io n  w i l l  be  made to  d is c u s s  th e  p r e p a ra t io n  
o f compounds I ,  I I ,  and IV . P re p a ra t io n  o f  th e  im m ediate p re c u rs o rs  o f 
I  and I I ,  N -m e th y l-7 -aza -2 ,3 -b en zo n o rb o rn en e  and N -m e th y l-5 -a z a -2 ,3 -  
b e n z o b ic y c lo (2 .2 .2 )o c te n e  r e s p e c t iv e l y ,  have been d is c u s s e d  in  p a r t  I .  
The m e th io d id es  I  and I I ,  w ere o b ta in e d  by  a d d i t io n  o f th e  f r e e  b a se  to  
excess  m e th y l io d id e  in  c h lo ro fo rm  s o lu t i o n .  The s o l id  q u a te rn a ry  
s a l t ,  w hich form ed im m ed ia te ly  was f i l t e r e d  from s o lu t io n ,  d r i e d ,  and 
th en  used w ith o u t f u r th e r  p u r i f i c a t i o n .  The 300 MHz p ro to n  nmr o f  I  
and I I  a r e  shown in  f ig u r e s  3 and 4 ,  r e s p e c t iv e l y .  Compound IV , 5-exo 
trim ethylam m onium -2 , 3 -b e n zo n o rb o rn en e io d id e  was p re p a re d  by th e  method 
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F ig u re  2 . T em peratu re  d e p e n d e n c e -p a r t ia l  100 MHz nmr spectrum  o f  I ,  D_0










Figure 4. 300 MHz nmr spectrum of II, DyO.
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23Acid c a ta ly z e d  a d d i t io n  o f  is o th io c y a n ic  a c id  to  b enzonorbo rnad iene
gave th e  d e s ir e d  e x o -5 - is o th io c y a n a te  VI a s  th e  on ly  p ro d u c t in  83%
y ie ld .  The c o n f ig u ra t io n  o f  th e  is o th io c y a n a te  m o ie ty  was assumed to
be exo , based  on th e  known s t e r e o s p e c i f i c i t y  o f a d d i t io n  to  th e
n o rb o rn y l c a t i o n . T h e  co n fo rm a tio n a l ass ignm en t was confirm ed on
o b se rv a tio n  o f th e  nmr o f IV (v id e  i n f r a ) .
The p ro to n  nmr and mass s p e c tr a  o f VI a re  p re s e n te d  in  F ig u re s  5 and
6 r e s p e c t iv e ly .  P ro d u c tio n  o f  V II , ex o -5 -d im e th y lam in o -2 ,3 -b en zo -
no rb o rn en e , from  VI in  a  "one p o t"  r e a c t io n  r e p r e s e n ts  a r a th e r  n o v e l
26re d u c t iv e  a l k y l a t i o n .  In  1962, W right p re se n te d  ev id en ce  th a t  
l i th iu m  (o r aluminum) s a l t s  o f d ia lk y l  am ines in  th e  p re sen ce  o f ex cess  
LAH, r e a c t  w ith  m ethy l fo rm ate  to  y ie ld  d ia lk y lfo rm a m id e s . These a re  
su b se q u en tly  reduced  to  th e  m ethy l d ia lk y l  am ines in  good y ie ld .  F o l­
low ing W rig h t 's  s u g g e s tio n . Scheme 2 o u t l in e s  our s y n th e s is  o f V II .
Scheme 2
D
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F ig u re  6 . 70 eV mass sp ec trum  o f  VI
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A d d itio n  o f  VI to  5 e q u iv a le n ts  LAH reduced  th e  is o th io c y a n a te  to  
th e  l i th iu m  (o r  aluminum) a lk y l  m ethy l am ide, le a v in g  two e q u iv a le n ts  
o f u n re a c te d  LAH. A d d itio n  o f one e q u iv a le n t o f e th y l  fo rm ate  p ro ­
duced th e  formamide s i t u , w hich was su b se q u e n tly  reduced  by th e  two 
rem ain ing  e q u iv a le n ts  o f LAH to  g iv e  a  47% y ie ld  o f V II .  F ig u re s  7 and 
8 a r e  th e  p ro to n  nmr and mass s p e c tr a  r e s p e c t iv e ly  o f V II .
T rea tm ent o f  V II w ith  Mel a s  n o ted  f o r  compounds I  and I I  y ie ld e d
IV q u a n t i t a t i v e l y .  A ssignm ent o f  th e  exo c o n f ig u ra t io n  a t  C5 to  
s t r u c tu r e s  V I, V II , and IV i s  confirm ed by exam ining th e  300 MHz p ro to n  
nmr o f IV in  DgO. (F ig u re  9) The " s i n g l e t "  a t _ c a .  3 .9  ppm (H^) and
" t r i p l e t "  a t  c a . 3 .4  ppm (H^ endo) a r e  o n ly  c o n s is te n t  w ith  an exo
s u b s t i t u t e n t  a t  C^.
coupled  o n ly  to  H 
n X 6n
5
Figure 7. 60 Mhz proton nmr proton spectrum of VII, CDCl,
1 1 6
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F ig u re  8 . 70 eV m ass spectrum  o f  V II
PPM




The observed  ^  v a lu e s  in  system s I-V  a r e  shown in  T ab le  I ,
in c lu d e d  in  th e  t a b le  fo r  com parison i s  d a ta  on compounds V III-X ^ ,






1 3T o ri e t  a l  observed  an a n g u la r  dependence f o r  how ever, t h e i r
r e s u l t s  w ere r e s t r i c t e d  to  0 , 60, 79 , and 1 2 0 ° . F urtherm ore th e
c o m p lic a tio n s  in tro d u c e d  v i a  e l e c t r o n e g a t iv i ty  e f f e c t s  o f th e  Cg
h y d ro x y l groups in  IX and X w ere reco g n ized  b u t cou ld  n o t be accoun ted
3 15f o r  q u a n ta ta t iv e ly . The a n g u la r  dependence o f  J  ^  ^  f o r  amino a c id s
27was o b se rv ed  by L ic h te r  and R o b e rts , b u t  was lim te d  to  0-60° and
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TABLE I
Compound, p ro to n 0 Degrees JjjH (Hz)
I «5n 150° 3 .0
90 0
I I «1 180 3 .5
90° 0
«7n 150° 2 .5
I l i a «4e 60 0 .5
«Aa 180 3 .0
mb «4a 174 3 .6
«4e 54 0 .7
me «4a 174 3 .55
«4e 54° 0 .5
H id «4a 174 3.4
«4e 54 0 .5
IV «4 30 £ 0 .3
«6x 0 2 .8
«6n 120 0 .8
V «4a 54 £ 0 .9




«4 60 £0 .3
IX* «4 79 0
X* «2 120 £ 0 .3
«4 79 0
a la n in e  ) 60 (gauche) 1 .3
phenyl a la n in e  ) 180 ( t r a n s ) 3 .6
a s p a r t i c  a c id  )
2 , 2 -d im e th y Ib u ty l)^ 60 (gauche) 1 .5
iso c y a n id e  ) 180 ( t r a n s ) 7
a) r e f . 1
b) r e f 27
c) r e f 28
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180“ . The v a lu e s  w ere o b ta in e d  fo r  b u t when c o r re c te d  by
28
=1.403 y ie ld e d  r e s u l t s  s im i la r  to  o u rs .  B othner-B y and Cox observed
3
th e  same ty p e  o f an g u la r  dependence fo r  ^  in  a lk y l  iso c y a n id e s  
(v a lu e s  a t  0=60 and 180“) ;  how ever, f o r  th e  g iv e n  a n g le s  th e  a lk y l
3
iso c y a n id e s  y ie ld e d  v a lu e s  which were la r g e r  th a n  th o se  fo r  th e
co rre sp o n d in g  q u a te rn a ry  ammonium s a l t s .  The d i f f e r e n c e s  betw een
3 3
J(NR^) and J(C=N-R) m ight be  ex p la in ed  in  te rm s o f  th e  d i f f e r e n t  
h y b r id iz a t io n s  o f th e  n it r o g e n  n u c le i  ( c o n s id e ra b ly  more " s "  c h a r a c te r  
in  th e  is o c y a n id e s ) . A 1thought th e  d a ta  i s  v e ry  l im i te d ,  th e  same 
tre n d  ( in c re a s in g  | j |  f o r  in c re a s in g  " s "  c h a ra c te r  in  he tero a to m ) i s
3 38A p lo t  o f H v s .  0 i s  p re se n te d  in  F ig . 10. In c lu d ed  in
t h i s  p lo t  i s  th e  d a ta  from th e  r e s u l t s  o f t h i s  work (compounds I-V ) and
T o r i 's ^  d a ta  (compounds V III-X ) .
A c le a r  minimum o c c u rs  a t  0=90“ and a maximum a t  0=180“ . Where
3
a s  p re v io u s  work su g g es ted  K a rp lu s - ty p e  r e l a t io n s h ip s  f o r  each
ta k en  s e p a ra te ly  s u f fe re d  from  l im ite d  d a ta  a n d /o r  c o m p lic a tio n s  due to  
e le c t r o n e g a t iv e  s u b s t i tu e n t s .  I f  one c o n s id e rs  o n ly  th e  d a ta  fo r  
compounds I ,  I I ,  and IV (8 d a ta  p o in t s ,  w ith  a n g le  0 v a ry in g  from 0 
to  180“) our r e s u l t s  c l e a r ly  r e v e a l  a  K a rp lu s - ty p e  r e l a t io n s h ip  betw een
3
and a n g le  0 . Sm all d e v ia t io n s  from th e  l e a s t  sq u a re s  p lo t  in
f ig u r e  te n  a re  b e s t  e x p la in e d  by d i f f e r e n c e s  betw een ou r assumed bond
a n g le s  and th e  a c tu a l  bond a n g le s .  One o th e r  f a c t o r  w hich m ight a f f e c t
our r e s u l t s  i s  th e  p re sen ce  o f  a d ja c e n t e le c t r o n e g a t iv e  s u b s t iu e n t s .
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DIHEORflL ANGLE (DEGREES)
F ig u re  10 . P lo t  o f  ^  v e rs u s  a n g le  ^ f o r  I - I I I  and V III-X ,
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n e g a t iv e  s u b s t i t u t e n t  w i l l  d e c re a se  Our r e s u l t s  from compounds
I I I  and V, w ith  oxygen a to  th e  observed  p ro to n ,  sh o u ld  r e p re s e n t  m inim al 
c o u p lin g  c o n s ta n ts .
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SUMMARY
In  t h i s  s e c t io n ,  we have p re s e n te d  th e  s y n th e s e s  o f  s e v e ra l  
b ic y c l ic  q u a te rn a ry  ammonium s a l t s ,  examined t h e i r  norm al and n it ro g e n
3
decoupled  pmr s p e c t r a ,  and shown t h a t  a  p lo t  o f  J _ , v e rs u s  th e
" N-H
d ih e d ra l  a n g le  (|) c l e a r ly  obeys a  K a rp lu s - ty p e  r e l a t i o n s h i p .  F u r th e r -
1 27 28m ore, sm a ll d i f f e r e n c e s  betw een ou r d a ta  and th a t  o f o th e rs  ’ ’
can be e x p la in e d  by v a r i a t io n s  in  th e  assumed bond a n g le s  and e l e c t r o -
3
n e g a t iv i ty  e f f e c t s .  The m ost n o ta b le  d i f f e r e n c e  i s  J , ,  fo r  0=180®. 
T o r i 's  e s t im a te  o f  Hz i s  to o  h ig h  when compared to  our observed
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EXPERIMENTAL
A ll  m e ltin g  p o in ts  w ere ta k en  on a  Thomas-Hoover c a p i l l a r y  m e ltin g  
p o in t  a p p a ra tu s  and a r e  u n c o r re c te d .  IR sp e c ta  w ere re c o rd e d  on a  Beckman 
IR-8 in f r a r e d  s p e c tro p h o to m e te r . Mass s p e c tr a  w ere re c o rd e d  on a H ita c h i-  
P e rk in  Elmer RMU-7E Mass S p ec tro m ete r o p e ra ted  a t  70 eV. Nmr s p e c tr a  w ere 
reco rd ed  on V arian  T-60 (60 MHz) and V arian  XL-100 (100 MHz) sp e c tro m e te rs . 
300 MHz nmr s p e c tr a  were p ro v id ed  by P ro fe s so r  Marc A n te u n iu s , L aborato rium  
voor O rgan ische  Chemie, R i j k s u n i v e r s i t e i t  Gent (B elg ium ).
1 , 2 ,3 , 4 -T e t r a h y d ro - l , 4 -M e th a n o -2 -e x o -Iso th io c y a n a te  (VI)
23B enzonorbornad iene, (1 g , 7 mmoles) was d i s ­
so lv ed  in  benzene (20 m l ) . To t h i s  was added 50% 
aqueous HgSO^ (2 ml) and p o ta ss iu m  is o th io c y a n a te  
(1 g , 10 m m oles). A f te r  2 hou rs  a t  room tem per­
a t u r e ,  an  a d d i t io n a l  gram o f KSCN and 50% HgSO^
(2 ml) w ere added . The m ix tu re  was th en  h ea ted  
to  r e f lu x  f o r  one h o u r. On c o o l in g ,  th e  m ix tu re  was d i lu te d  w ith  w a te r 
(50 ml) and e x t r a c te d  w ith  c h lo ro fo rm  (2x50 m l) . T h is  was washed w ith  a 
s a tu r a te d  s o lu t io n  o f sodium b ic a rb o n a te  (50 m l) , th e n  w a te r  (50 m l) .
A f te r  d ry in g  over sodium s u l f a t e  and c o n c e n tra t io n ,  m i c r o d i s t i l l a t i o n  
(5 0 -6 0 ° , 0 .1  t o r r )  y ie ld e d  VI (1 .1 8  g , 84%) a s  a  c o lo r l e s s  l i q u i d ,  which 
on s ta n d in g  f o r  s e v e ra l  d a y s , s lo w ly  c r y s t a l l i z e d .  R e c r y s ta l l i z a t i o n  from 
E tgO /pen tane y ie ld e d  c o lo r l e s s  p l a t e s  mp 3 5 .5 -3 6 .0 ° .
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A n aly s is  f o r  ^]^2^11^^‘ c a lc u la te d  C 7 1 .6 0 , H 5 .5 1 ; found C 71 .65 ,
H 5.69
60 MHz nmr spectrum  of VI (CDCl^): 6 1 .8 5 -2 .2  (complex m u l t i p l e t ,  4H, 
Hy- s y n , Hy-a n t i , and 3-exo  and endo p ro to n s ) ,  6 3 .4 -3 .8  (complex m u l t i ­
p l e t ,  3H, H^, H^, and 2-endo p r o to n s ) , S 7 .14  ( s i n g l e t ,  4H, a ro m a tic  r in g  
p r o to n s ) .  IR (KBr p e l l e t ) ,  cm 2980 (m, C-H), 2100 ( s ,  b r ,  -N=C=S)
1460 (m, C-N), 1320 (m, C=S), 750 (s h , 1 , 2 - d i s u b s t i tu te d  a ro m a tic  r i n g ) .
70 eV mass spectrum : m /e 201 (m o lecu la r i o n ) ,  142, 128, 116 (b a se  p e a k ),
102, 89, 63, 39.
1 , 2 ,3 , 4 -T e tra h y d ro - l , 4 -M ethanonaphthalen-exo-2-N ,N -d im ethy lam ine (V II)
An e th e r  s o lu t io n  o f  th e  is o th io c y a n a te  (1 .5  g ,
7. 46 mmoles) was added dropw ise to  l i th iu m  
aluminum h y d rid e  (0 .354  g , 9 .33  mmoles) i n  e th e r  
(50 m l) . A f te r  r e f lu x in g  g e n tly  fo r  3 h o u rs , 
more l i th iu m  aluminum h y d r id e  (0 .1 5  g , 4 .1 5  mmoles) 
was added , fo llo w ed  by a d d i t io n  o f  e th y l  fo rm ate  
(0 .7 5  g , 10 m m oles). R eflu x in g  was re c o n tin u e d  f o r  8 h o u rs . On c o o lin g , 
th e  r e a c t io n  was quenched w ith  w ate r ( 0 .5  m l) ; 10% aqueous sodium  
h y d ro x id e  (0 .5  m l) , and f i n a l l y  w a te r  ( 1 .5  m l) .  A fte r  f i l t r a t i o n  o f  th e  
aluminum s a l t s ,  th e  s o lu t io n  was d r ie d  o v er sodium s u l f a t e  and concen­
t r a t e d .  M ic r o d i s t i l l a t i o n  (60-70®, 0 .1  t o r r )  a f fo rd e d  th e  d im e th y l amine 
(V II) as  a  c o lo r le s s  l i q u id  (0 .6 5  g , 47%).
100 MHz nmr, (CDCl^); & 1 .3 -1 .7 5  (com plex m u l t i p l e t ,  2H, 3-ex o  and endo 
p r o to n s ) ,  6 1 .96  and 6 2 .06  ( m u l t ip l e t s ,  2H, 7-s y n  and 7- a n t i  p r o to n s ) ,
6 2 .3  ( s in g l e t ,  6H, N-(CHg)2) ,  5 3 .28  ( m u l t ip l e t ,  IH , H ^-(b rid g eh ead ) 
p ro to n ) ,  6 4 .02  ( m u l t ip le t ,  IH, H ^^-(bridgehead) p ro to n ) ,  6 7^> ( m u l t ip le t .
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4H, a ro m a tic  r in g  p r o to n s ) .
70 eV mass spectrum : m /e 187 (m o lecu la r io n ) ,  149, 128, 116 (base  p e a k ) ,
71, 58, 42.
IR ( f i lm ) ,  cm"^: 2980 (w, C-H), 1430 (w, C-N), 750 ( s h ,  1 , 2 - d i s u b s t i -
tu te d  a ro m a tic  r i n g ) .
Compound V II was f u r th e r  c h a ra c te r iz e d  a t  i t s  p i c r a t e .  A d d itio n  of VII to  
a  s a tu r a te d  s o lu t io n  o f  p i c r i c  a c id  in  95% e th a n o l im m ed ia te ly  p r e c ip i ta te d  
th e  s a l t .  R e c r y s ta l l i z a t i o n  from 95% e th a n o l a f fo rd e d  V l l - p i c r a t e  as 
ye llow  n e e d le s ,  mp 137-138°.
A n a ly s is  f o r  C^gHgQN^Oy: C a lc u la te d ,  C 5 4 .8 1 , H 4 .8 0 ; fo u n d , C 55 .1 2 ,
H 4 .9 8 .
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Q u ate rn a ry  M eth iod ides I ,  I I  and IV.
P r e p a r a t io n  o f  th e se  q u a te rn a ry  ammonium io d id e s  was accom plished  by 
a d d i t io n  o f th e  a p p ro p r ia te  f r e e  b a se  to  a ch lo ro fo rm  s o lu t io n  of 
ex ce ss  M el. The p r e c ip a ta te d  s a l t s  w ere f i l t e r e d ,  vacuum d r ie d ,  and 
th e n  u sed  w ith o u t f u r th e r  p u r i f i c a t i o n .
178
BIBLIOGRAPHY
1. Y. T e ru i ,  K. Aono, and K. T o r i ,  J .  Amer. Chem. S o c . , 9 £ , 1069 
(1968) .
2 . E . W. R an d a ll and D. Shaw, S p ectroch im . A c ta , 23A, 1235 (1 967 ).
3 . J .  F . B ie llm an  and H. C a l lo t ,  B u l l .  Soc. Chim. F ra n c e , 397 (1967 ).
4 . P . G. Gassman and D. C. H e c k e rt, J .  O rg. Chem., 30 , 2859 (1 965 ).
5 . M. O h tsu ru  and K. T o r i ,  Chem. Commun. ,  750 (1 9 6 6 ).
6 . J .  M. Lehn and R. S e h e r, I b i d . , 847 (1 9 6 6 ).
7 . M. Uegama and K. T o r i ,  O rg. M agnetic R e s o n a n c e 913 (1 972).
8 . K. T o r i ,  T. Iw a ta , K. Aono, M. O h tsu ru , and T . Nakagawa, Chem.
Pharm B u l l . (T okyo), 15 , 329 (1 9 6 7 ).
9 . M. O h tsu ru , K. T o r i ,  J .  M. Lehn, and R. S e h e r , J .  Amer. Chem. S o c . , 
91 , 1187 (1969).
10. T . G ato , M. I so b e , M. O h tsu ru , and K. T o r i ,  T e tra h e d ro n  L e t t . ,
1511 (1 968 ).
11 . E . F . Mooney and P . H. W inston in  E . F . Mooney ( E d . ) ,  "Annua).
R ep o rts  on NMR S p e c tro sc o p y " , Academic P r e s s ,  I n c . ,  New Y ork,
V o l. 2 , 1969, p . 144.
12 . K. L. W illiam son , J .  Amer. Chém. S o c . , 85 , 516 (1 9 6 3 ).
13 . R. J .  Abraham, L . C a v a l l i ,  and K. G. R. P a c h le r ,  M ol. P h y s . , 11 ,
471 (1 9 6 6 ).
14 . a ) M. K a rp lu s , J .  Chem. P h y s . , 30 , 11 (1 9 5 9 ).
b ) M. K arp lu s , J .  Amer. Chem. S o c . , 85 , 2870 (1 9 6 3 ).
no
15 . (  C) G. J .  K a ra b a tso s , C. E. O rzech and N. H s i ,  J .  Amer. Chem. S o c . ,
8 8 , 1817 (1966 ); C. B enezra and G. O u ris so n , B u l l .  Soc. Chim. F ra n c e , 
TH25 (1966 ); ( l^ F )  C. N. B anw ell, N. Sheppard and J .  J .  T u rn e r, 
S pec tro ch im . A c ta , 16 , 794 (1960 ); (^ ^ S i)  S . S . D anyluk, J . Amer. 
Chem S o c . ,  87 , 2300 T I9 6 5 ) . (31p) M. P . W illiam so n , W. A. A nderson,
R. Freem an, and C. A. R e i l ly ,  J .  Chem. P h y s . , 39 , 1518 (1963 ).
179
16 . W ith th e  ad v en t o f  F ourier, tra n s fo rm  p u ls e  nmr, th e  s i t u a t i o n  i s  
changing . For exam ple s e e  E . W. R an d a ll and D. G. G i l l e s  in  J .
W. Em sley, J .  Feeney , and L . H. S u tc l i f f e  (E d s .) ,  "P ro g re ss  in  
NMR S p ec tro sco p y " , Pergamon P r e s s ,  I n c . ,  New Y ork, V o l. 6 , 1970, 
pp . 119-174.
17 . T. Axenrod in  G. Webb and M. W itanow ski (E d s .) ,  "N itro g e n  NMR", 
Plenum P r e s s ,  London, 1973 pp 1 -15 .
18. M. W itanowski and G. A. Webb (E d s .) ,  "N itro g en "  NMR, Plenum 
P u b lish in g  C o ., New Y ork, 1973, p p . 5 -8 .
19 . A. J .  P o p le , W. G. S c h n e id e r , and J .  J .  B e rn s te in ,  "High R e so lu tio n  
N uclear M agnetic R esonance", M cGraw-Hill Book C o ., I n c . ,  New Y ork, 
1959, pp . 102, 216.
20. R. A. Ogg and J .  D. Ray, J .  Chem. P h y s . , 26 , 1339, 1340 (1 957 ).
21. J .  A. P o p le , Mol. P h y s . , 1 ,  168 (1 9 5 8 ).
22. J .  M. A nderson, J .  D. B a ld esch w ied er, D. C. D it tm e r , and W. D. 
P h i l l i p s ,  J . Chem. P h y s . , 3 8 , 1260 (1963 ).
23. I .  F . M ich, E. J .  N ienhouse , T. E. F a r in a ,  and J .  J .  T u f a r i e l l o ,
J .  Chem. Educ. , 4 5 , 272 (1968 ).
24 . W. R. D iv e ley , G. A. B u n tin , and A. D. L ohr, J .  O rg. Chem., 3 4 ,
616 (1 9 6 9 ). —
25. J .  D. R o b e rts , and C. C. L ee, J .  Amer. Chem. S o c . , 73, 5009 (1 951 ).
26 . W. R. W righ t, J r . ,  J .  O rg. Chem. , 2 7 ,  1042 (1 962 ).
27. R. L. L ic h te r  and J .  p . R o b e r ts , j .  O rg. Chem., 35 , 2806 (1 9 7 0 ).
28 . A. A. B othner-B y and R. H. Cox, J .  P hys. Chem., 7 3 , 1831 (1969).
29 . K. B. W iberg, G. M. Lampman, R. P . C iu la , D. S. Connor, P . 
S c h e r t l e r ,  and J .  L av an ish , T e tra h e d ro n , 21 , 2749 (1 9 6 5 ).
30 . K. W iithrich , S. Meiboom, and L. C. Snyder, J .  Chem. P h y s . , 5 2 ,
230 (1970 ). —
31 A. M. I h r ig  and J .  L . M a rsh a ll ,  J .  Amer. Chem. S o c .,  94 , 1756 
(1 972 ). —
32 . G. B insch , J .  B. L am bert, B. W. R o b e r ts ,  and J .  D. R o b e rts , J .  Amer. 
Chem. S o c . , 8^ , 5564 (1 9 6 4 ).
33 . A. J .  R. Bourn and E. W. R a n d a ll ,  Mol. P hys. ,  JB, 567 (1 9 6 4 ).
180
34. S. B u lusu , and J .  R. Â u te ra , and T . Axenrod, in  T. Axenrod and G.
A. Webb (E d s .) ,  "N uclear M agnetic Resonance S pectroscopy  o f  N u c le i 
O ther Than P ro to n s " , John W iley and Sons, I n c . ,  New Y ork, 1974, 
pp . 82 -85 .
35 . W. M cFarlane, J .  Chem. S o c . , A, 1660 (1967).
36 . K. T o r i ,  R. Muneyuki and H. T an id a , Can. J .  Chem., 3142 (1 9 6 3 ).
37. J .  I .  M usher, M ol. P hys. , 94 (1 9 6 3 ).
38. The com puter program fo r  th e  l e a s t  sq u a re s  a n a ly s is  and su b seq u en t 
p lo t  w ere k in d ly  p rov ided  by D r. E r ic  E nw all, to  whom we a re  
g r a t e f u l .
